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ITH this issue we bring out your 
paper in a new dress. The aim 
of the change is to make it easier 

to find what you want and easier to read 
it when found. 


You don’t have to read it all through, 
word for word, to get your money’s worth. 
You buy a newspaper, look over the head- 
lines, read an article or two that interests 
you especially, and throw it away. You 
do this to keep yourself informed as to what 
is going on in the world. 


You don’t suffer a sense of loss, a feeling 
of inadequate return, if you do not read 
the paper through from date line to the last 
advertisement, if you cannot fully understand 
and digest everything in it. 

Is it not as important that you should be 
informed upon the happenings and develop- 
ments in your own business as upon affairs 
in general? 

It is the prime object of the new arrange- 
ment of POWER to let the busy man see 
quickly what we have observed and recorded 
irom week to week. He can then read what 
he likes, save what he wants to, 
and throw the rest away. 

It costs less than four cents any- 
way. 

If there are some articles in it 
that you cannot read, leave them 
for the high-brows. 


There is more than four cents’ worth of 
your kind. You may be a high-brow your- 
self some day. 

We are trying to furnish in POWER AND THE 
ENGINEER the very best engineering paper 
to be had for any money. 


We invite suggestions from all our readers 
on how to improve the paper. 


What do you want? 

Write and tell us the problems you are 
up against—perhaps we can iron out a few 
wrinkles. 

There has been a demand for some articles 
on steam heating; thousands of our readers 
have charge of heating plants. 
be forthcoming. 


These will 


How many of you want some articles on 
Refrigeration ? 

We want old and young to watch Uncle 
Pegleg—he has a world of experience to 
draw from and will tell you some things you 
used to know and have forgotten, and some 
that you really never did know for sure. 

We go on the principle that anything worth 
publishing is worth paying for, and 
we solicit practical articles from 
you. 

We pay for the zdea, the particu- 
lar thing that is worth while to our 
readers—not on the length of the 
story. 
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The Shelton Boiler Explosion 


Analysis of Rupture, Starting with Lap Seam Crack. 
Good Boiler, Good Inspection, Good Care, yet an Explosion 








As briefly mentioned in our issue of 
December 14, a boiler exploded about 
6:30 on the evening of Wednesday, De- 
cember 1, at the Radcliffe Brothers 
woolen mill, at Shelton, Conn. Investi- 
gation has developed the following par- 
ticulars: 

The boiler was a horizontal tubular, 
built as was the practice some 20 years 
ago, with a single under sheet extending 


-Piece the Ruptured Edge 
of which is shown in 
Figs. 3 and 4 
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Rear Portion 
shown in Fig. 7 











BY fF. R. LOW 


ply steam to a small engine. The safety 
valve had been leaking and had been 


ground in on Tuesday evening. The 
boiler was put into commission on 
Wednesday morning, and_ ran _ all 
day. The mills shut down at 6 


o’clock, at which time the night watch- 
man came on duty, and testifies that he 
found between two and three gages of 
water and 85 pounds pressure. When 
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Fic. i. 


for its full length, and three upper sheets. 
It was 66 inches in diameter, 16 feet long, 
with one hundred 3-inch tubes, built of 


3%g-inch flange steel, stamped 60,000 
pounds and with 15/16-inch rivets 
(driven size) pitched 3!4 inches. It was 


built 19 years ago by the Bigelow Com- 
pany, of New Haven. 

The Radcliffe mills are operated largely 
by water power and gas engines, the 
boiler being used for heating and to sup- 


SEPARATED FITTED TOGETHER 


he looked at the boiler again some time 
later the pressure had fallen to 80 
pounds, and he had just left the boiler 
room after his last observation when 
the boiler let go at 6:29, as indicated by 
the timekeeper’s clock, which was stopped 
by the explosion. The day fireman, who 
had not yet banked the fires, was killed; 
his body was found beneath the over 
turned front portion of the boiler unde: 
the corner, marked with an X in Fig. 6. 
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The explosion was very violent, as 
shown by the photographs of the ruins, 
reproduced herewith, the concussion 
breaking windows not only in the nearby 
buildings, but in Derby, across the river. 

The sheet portion of the boiler sepa: 
rated into two parts, as shown in Figs. 
1 and 4. The initial rupture evidently 
occurred in the left-hand (as one faced 
the boiler) longitudinal joint of the rear 






Front Portion 
shown in Fig. 6 
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SHEET PORTION OF BOILER FLATTENED OUT AND THE Two PorTIONS INTO WHICH IT WAs 


sheet A A, Fig. 4, the fracture of which 
is an excellent example of the much dis- 
cussed lap-joint crack. The plate, orig- 
inally 3 inch in thickness, shows an 
irregular crack, a photograph of which 
is reproduced in Figs. 2 and 3, extending 
for the most part two-thirds of the way 
through the sheet and about 45 inches 
long. The piece from which the photo- 
graphs were taken is 29 inches in length, 
and Fig. 2 shows the edge of the entire 
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Fic. 6. FRONT PorRTION, UNDER WHICH FIREMAN WAS FouNnD 
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Fic. 7. ViEW OF REAR SECTION OF BOILER 





Fic. 8. REMAINS OF PowER PLANT WHICH W As LOCATED BETWEEN THE 
Two BUILDINGS SHOWN 
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piece, while Fig. 3 is a full-sized repro- 
duction of a portion of the same edge. 
The fracture apparently ran along this 
seam and out into the large under sheet, 
as indicated in Figs. 1 and 4, up and over 
the girth seam, which failed sometimes 
in the rivets and sometimes in the sheet; 
and into the large sheet again at D, 
where it struck the continuous longitud- 
inal point upon the other side, joining the 
other fracture at B, and running out until 
it struck the rivets of the front head, 
where it ran almost entirely around the 
girth seam. The rear portion was thrown 
backward, and to the right as one faced 
the boiler, as it would naturally be thrown 
by the opening of the seam A A, while 
the front portion somersaulted and lay 
upside down, with its front head, to which 
the extension front remained attached, 
near the original location, as shown in 
Fig. 6. This consists of two of the short 
upper sheets joined by two fragments of 
the lower sheet, as will be evident from 
Fig. 1, where points upon the sheet have 
been lettered similarly with the same 
points upon the photograph in Fig. 6. A 
small piece of the rear head remained 
attached to the lower sheet. 

The under sheet lapped over or outside 
of the smaller upper sheet, as shown in 
Fig. 5, and the fracture occurred along 
the line the position of which is indicated 
by A in that figure. This is below the 
line of tubes, as is better seen in Fig. 4, 
so that it was inaccessible for inspection, 
and even if the inspector could have 
gotten to it, it was for the most part cov- 
ered by the upper plate, occurring right 
along the edge of that plate, as shown in 
Fig. 5. This is not the calking edge, so 
that the crack cannot have been in- 
cuced by the careless use of the calking 
tool. The position of the piece, the 
cracked edge of which is shown in Figs. 
2 and 3, is indicated in Figs. 1, 4 and 5 


Fic. 9. THE REAR HEAD WITH ATTACHED SHEET 
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How to Use tHe DIAGRAM 

Example 1. What would be the theoretical steam consumption if 
panded from 200 pounds absolute to 1 pound absolute? 

\t the intersection of the 200-pound initial-pressure line with th 
final-pressure line, find that weight of steam consumed I[I’ 7.59 p 
horsepower per hour. 

Example 2. Vind the theoretical steam consumption when dry stea 
from 120 pounds absolute to atmospheric pressure adiabatically. Also, \ 
pands from atmospheric pressure to 2 pounds absolute. 

Trace the 120-pound pressure line across until it intersects the hea 
line marked 14, and find that IV’ 16.65 pounds per horsepower per hy 
is the solution of the first proposition. Then trace the heavy 14.7-pot 
pressure line across to where it intersects the vertical 2-pound fin 
line and find that I]” = 19.05 pounds. " 

Example 3. Find the work done in foot-pounds per pound of 
when expanded adiabatically from 80 pounds absolute to 14.7 pounds a 

Tracing the 8-pound initial-pressure line to where it intersects the 
final-pressure line, find that IV 20.5 pounds. Now divide 1,980,000 | 
obtain 96,550 foot-pounds per pound of steam, which is the result requit 

Accompanying article, ‘“‘Rateau’s Diagram of Steam Consumption.” Supplement to PowER AND THE ENGINEER, J 
























Absolute) 





How to Use THE DIAGRAM 


hat would be the theoretical steam consumption if steam ex- : 
uinds absolute to 1 pound absolute ? 
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onsumption.”’ Supplement to POWER AND THE ENGINEER, Jan. 4, 1910, Vol. 32, No. 1. 
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Fic. 
by A. The examples of this sort of 
crack, of which we have previously 


learned, have been along the edge of the 
rivet heads, that is, in the line indicated 
by B of Fig. 5, instead of at the edge 
of the inside sheet. 

Figs. 7 and 9 give two views of the 


10. THE REMAINS FROM ANOTHER POINT OF VIEW 


rear portion. They would have been 
more satisfactory if the photographer 
had used a broom before he did the 
camera, but referred to Figs. 1 and 2 
by the letters which have been added 
they will help the reader to reconstruct 
the boiler mentally and follow’ the 
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course of the fracture, the initial point 
of which. was in the edge facing the 
observer in Fig. 7. 

The violence of the explosion is evi- 
dence that the boiler was full of water. 
The small amount of sound metal left in 
the cracked sheet precludes any neces- 
sity for serious overpressure to produce 
the rupture, and the riveted seams show 
no signs of such distress as would have 
attended the application of anything like 
the bursting pressure of a sound boiler 
of this size and thickness. The metal, 
with the exception of the crack, was in 
excellent condition and the fractured 
edges all over the boiler show consider- 
able reduction of area and great ductility. 
Test pieces have been taken. 

The boiler had been inspected ex- 
ternally a couple of weeks before the ex- 
plosion, and internally last April by an 
inspector of the Fidelity and Casualty 
Company, with which company the boiler 
was insured. The damage is estimated at 
some $60,000, and the full face of the 
policy was promptly paid. 

The boiler was located in a _ brick 
building two stories high, which was 
also used by the dyeing and bleaching 
departments of the factory, and which 
stood between the two high buildings, 
shown in Fig. 8, which was taken with the 
camera standing in and looking out of 
the arch, shown in the rear of Fig. 10. 
The brick chimney, which stood next to 
the boiler house, was demolished. 








Rateau’s Diagram of Steam Consumption 
By W. C. Way and H. Fk. Schmidt 








Rateau’s diagram for determining the 
theoretical steam consumption per horse- 
power per hour has been published else- 
where a number of times, but unfortu- 
nately in the shape of practically illegible 
reprints of a small diagram, in French 
units, which appeared in the catalog of 
the Rateau turbine a year or two ago. 
The diagram on the accompanying insert 
is a revision of the original, constructed 
on a scale designed to be of practical 
value, in which English units have been 
employed, instead of French. 

A peculiarity which presents itself at 
first glance is that the vertical and hori- 
zontal lines are not uniform and there 
is the same distance between the one- 
and two-pound ordinates as between the 
one-hundred- and the two-hundred-pound 
ordinates. This is because the spacing of 
the lines is based on the logarithmic 
scale to the base 10. The reason for 
the selection of this spacing is that an 
equation of the form, log X—log Y + 
log Z, etc., when plotted on this paper, 


will simply result in straight lines. This 
fact it is well to remember, for when an 
equation can be reduced to such a form 
the plotting of the curves it represents 
is simply a matter of calculating two 
points and drawing a line through them; 
whereas, had the ordinary line spacing 
been employed, it would have been nec- 
essary to find at least ten or more points 
on each curve. Further, in cases where 
the axes of the curve to be plotted are 
its asymptotes, or nearly so, in the case 
of the ordinary rectangular codrdinates, 
it is often difficult or impossible to ac- 
curately determine the point of intersec- 
tion of the curves (especially if there is 
a series of them), while if plotted on a 
logarithmic chart they would probably 
intersect the axes at an angle of about 
45 degrees, and consequently be more 
distinct and susceptible of being read 
more eccurately. 

Regarding Rateau’s curves, it will be 
well first to give the formula he derived. 
This he obtained by a study of the tem- 


perature-entropy diagram, from which he 
obtained an empirical form expressing 
the theoretical steam consumption in 
terms of the absolute initial and terminal 
pressures, which in English units takes 
the form, 


16.54 — 1.485 log P, 


pein log P, — log P, 





This, it will be seen, is the same type of 
equation as previously given, and plots 
as a Straight line on a logarithmic chart. 
In this formula, the pressures are in 
pounds per square inch absolute, and 
the steam consumption in pounds of dry 
steam per horsepower-hour. The ex- 
pansion, of course, is assumed to be 
adiabatic, without a drop at admission 
or exhaust. 








Never attempt to calk a leaky seam in 
a boiler under steam pressure. The jar 
caused by the hammer blows may cause 
a rupture of the seam. This caution ap- 
plies also to steam pipes and valves. 
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Condensing Plant of Novel Design 


Water Turbine on Shaft of Circulating Pump Utilizes Fall 
of Water on Return to River to Help Pump Fresh Supply 











With the impetus given to the con- 
denser business by the increase in 
power-plant installations and the de- 
velopment of the steam turbine came 
a more complete knowledge of _ its 
adaptability to the various engine instal- 


lations. Naturally its adoption was slow 
in rolling-mill practice, where fuel 
economy seemed to be of minor im- 


BY FREDERICK RAY 


Fem Steel Company, at South Bethle- 
hem, Penn., where the overflow from the 
hotwells is led to water turbines and 
its energy used to help operate the 
pumps which supply the condensers, re- 
turning in its descent nearly 30 per cent. 
of the power expended in raising it to 
the hight where it is used. As the 
source of water supply is so. far below 








all unusual for plants located upon the 
banks of American rivers, but the meth- 
od of surmounting them seems to be of 
enough novelty and value to warrant a 
description. 

The location of the plant is on a small 
plateau on the south bank of the Le- 
high river, the ground level being about 
62 feet above the mean level of the 
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Fic. 1. VIEW OF PUMPING PLANT, SHOWING WATER TURBINES 


portance. But as the manifest advantage 
of removing from the advancing side of 
the piston a part of the atmospheric 
pressure even in reversing engines be- 
came understood, rolling mills began 
to adopt condensing systems. 

Among the noticeable condenser equip- 
ments in American rolling mills is the 
one at the Saucon plant of the Bethle- 


the condensers, the problem of its ele- 
vation and the means by which in re- 
turning to the river it is made to give 
up a part of its energy and really help 
to pump itself should excite more than 
a passing interest. 

The difficulties surrounding the instal- 
lation of the condensing equipment for 
this plant were in themselves not at 


river. As it was necessary to locate 
the condensers on this plateau and the 
circulating water required being about 
30,000,000 gallons per day, the pumping 
end of the condenser equipment be- 
came one of considerable magnitude and 
importance. 

Three schemes for this part of the in- 
stallation were proposed and carefully 





jh Gell 
\ OTA Tee eee nte y  IE ‘is 


dy 
wom Se 


January 4, 1910. 


considered. The first contemplated the 
use of compound high-duty crank and 
flywheel pumping engines; the second 
involved the use of motor-driven centrif- 
ugal pumps taking their current from 
the central power station at the plant, 
while the third made use of the novel 
arrangement of engine-driven centrifugal 
pumps having direct connected to the 
shaft of each, a water turbine delivering 
back to the pump a large part of the 
energy contained in the water on its re- 
turn to the river. The return-water tur- 
bine was also considered in connection 
with the motor-driven pumps, where it 
could have been used to equal advan- 
tage, but from the fact that it was nec- 
essary to locate some general-service 
high-duty pumps at the river edge, with 
a boiler plant to drive them, it was found 
that engine-driven centrifugal pumps 
making use of this same boiler plant 
would be equally desirable and of con- 
siderably less first cost than the motor- 
driven pumps with the necessary gen- 
erating equipment. The high-duty crank 
and flywheel pumps were found to be 
much greater in first cost and as there 
seemed to be no feasible way to utilize 
the return-water energy, in connection 
with them, the duty which they were 
capable of maintaining was not as good 
as could be obtained with the engine- 
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a steel mill has many novel and in- 
teresting features which, however, are 
beyond the range of this article, so that 
it will suffice to state that the engines 
for which the condensing equipment 
was furnished consist of one 40-inch 
tlooming-mill engine, one 28-inch struct- 
ural-mill engine, and two rail-mill en- 
gines exhausting into one condenser, 
while one 46-inch blooming-mill engine 
and two Grey mill engines exhaust 
into another. Each condenser was re- 
quired to condense 200,000 pounds of 
steam per hour while maintaining a vac- 
uum of 26 inches of mercury with in- 
jection water during the summer months 
reaching a maximum temperature of 75 
degrees Fahrenheit. To meet these con- 
ditions two 54-inch barometric con- 
densers were installed at points most 
convenient to the particular engines 
served, each condenser including a 12 by 
24 and 24 by 24 multiple single-stage ro- 
tative dry-vacuum pump. The general ar- 
rangement of condenser, vacuum pump 
and piping is shown diagrammatically in 
Fig. 4, while Fig. 3 is from a photo- 
graph of one of the condensers and gives 
a good idea of its actual size. The ex- 
haust pipe which is shown rising from 
the ground to the condenser, is brought 
from the various engines for a distance 
of several hundred feet in an open con- 
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Fic. 2. Two-sTAGE VOLUTE CENTRIFUGAL PUMPS 


driven centrifugal pumps in connection 


with the return-water turbines. The third - 


scheme therefore was the one selected 
as best meeting the requirements of the 
situation on the basis of reliability, first 
cost, cost of operation and repairs. 

The Saucon plant considered only as 


crete trough, the top of which is at the 
ground level and covered with removable 
planking. 

Fig. 1 is a view of the engine room 
from the return-water turbine side of the 
engines, showing the turbines with water- 
regulating gate valves, flexible attach- 
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ment to engine shaft, etc., while Fig. 2 
is a view of the pump side of the en- 
gine room. 

Referring to Fig. 4, it is seen that 
the circulating water is taken from the 
river through a series of concrete set- 
tling basins, the innermost one of wnich 




















Fic. 3. ONE OF THE 54-INCH CON- 


DENSERS 


forms the suction wall of the pumps. 
From here the water is lifted by suction 
or flows to the pumps, depending upon 
the level of the river, and is discharged 
through two independent lines of 30-inch 
cast-iron pipe, one leading to each con- 
denser. Passing through the condens- 
ers the water overflows from the hotwells 
through 30-inch cast-iron pipes which 
discharge into the concrete collecting 
chamber and weir box. From here the 
water flows through one 36-inch cast- 
iron pipe back to the pumping station 
through the return-water turbines, and 
into the discharge well located on the 
land side of the station, emptying into 
the river below the intake to the settling 
basins. This 36-inch return-water pipe 
as it enters the station is connected to 
a 54-inch standpipe containing a 36-inch 
inside overflow emptying into the dis- 
charge basin. 

This standpipe and overflow were pro- 
vided in the return-water system to af- 
ford a discharge for the water in case of 
intentional or accidental closing of the 
gates on the water turbines preventing 
any possibility of raising the level of the 
water in the hotwells and consequent 
flooding of the condensers with the en- 
suing danger of wrecking the vacuum 
pump or even the engines. The edge of 
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the overflow pipe is placed enough below 
the elevation of the condenser-hotwell 
overflow to allow for the friction in the 
return-water pipe so that when the maxi- 
mum normal quantity of water is flowing 
through the system the level of the water 
in the standpipe will be at the edge of 
the overflow when the condenser hot- 
wells are just overflowing freely. The 
collecting chamber in the return-water 
system was designed to provide a prop- 
er intake to prevent the entrance of air 
with the return water, and also as a 
separating chamber in which the air en- 
trapped with the tail water from the con- 
densers would have an opportunity to 
free itself. At the same time the cham- 
ber was designed so as to be adaptable 
for use as a weir box in connection with 
any tests that might be desired. 

It would have been more economical 
to have used, instead of two 30-inch dis- 
charge pipes, one larger pipe with branch- 
es to the two condensers but it is found 


Water Level 


Norma) Water 
Level 


Fic. 4. SECTIONAL ELEVATION OF Pump House 


in practice that such an arrangement 
will not in general work satisfactorily. 

The horizontal distances are so dis- 
torted in Fig. 4 that it might be well to 
State that the collecting chamber is lo- 
cated about 520 feet from the pump 
house, while the nearest condenser is 
about 130 feet beyond, and the other 700 
feet from the chamber as measured on 
the pipe lines. The ground line which 
is shown as dropping down close to the 
condenser in reality continues nearly 
level until close to the pump house 
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where it terminates in a steep bluff at 
the edge of the river. 

The pumping equipment is divided 
into three units, two of which are of 
sufficient capacity to meet the maximum 
requirements while the third is held as 
a spare. Each unit consists of a 20- 
inch two-stage volute pump direct-con- 
nected by means of flexible couplings to 
a 14% and 25 by 14-inch cross-com- 
pound vertical Buckeye engine while to 
the opposite side of each engine is con- 
nected, by means of flexible coupling 
also, a 20-inch return-water turbine, all 
being mounted upon one cast-iron bed- 
plate. The arrangement of these: units 
is well shown in Fig. 4, while the gen- 
eral arrangement of the three units and 
the piping is shown in the plan and 
elevation in Figs. 5 and 6, and by 
the photographs in Figs. 1 and 2. From 
these views it is seen that units 
Nos. 1 and 3 can be connected 
only to their respective discharge pipes 










while the middle unit, No. 2, can be con- 
nected to either, which allows any two 
of the units to be run together. The 
necessary gate and check valves are pro- 
vided so that any of these units can be 
readily thrown in or out of service. 

Each unit has a capacity of from 6500 
to 10,500 gallons per minute against a 
head varying approximately from 70 to 
100 feet, depending upon the level of 
the river which has a maximum varia- 
tion between high and low water of 27 
feet. The conditions to be met during 
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the larger part of the year require each 
pump to discharge about 10,500 gallons 
per minute against a total head of 80 
feet, representing an output of 212 
water horsepower, which at 70 per cent. 
efficiency for the pump would require 
about 303 brake horsepower at the pump 
shaft. Under these conditions the head 
on the water turbines is approximately 
50 feet which at 75 per cent. efficiency 
for the turbine gives 99 brake horse- 
power output each. Consequently there 
is required from the engine 204 brake 
horsepower, or approximately 217 indi- 
cated horsepower. The steam consump- 
tion of the engines under these condi- 
tions being 16 pounds per indicated 
horsepower, the duty developed per 1000 
pounds of steam would be about 121 
million foot-pounds. Some rough tests 
which were made at a capacity of about 
7800 gallons per minute against about 
100 feet head, conditions which are not 
the most efficient for either pumps or 


Stand Pipe 


Return Turbine 





return turbines, showed nearly 110 mil- 
lion duty, so that it seems reasonable 
te believe that under the more favorable 
conditions above the estimated duty is 
actually obtained. 

The normal speed of the units is 260 
revolutions per minute but the engines 
are provided with a speed-changing de- 
vice which allows of a range from 200 
to 275 revolutions per minute. This is 
accomplished by an electric control at- 
tached to the engine governors. The 
engines operate ordinarily with about 130 
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changes of conditions are gradual and 
1 | } infrequent, hand regulation is all that is 
Pa ke ais tote required. The speed of the unit is of 
course not appreciably affected by the 
turbine as the engine governor controls 
that entirely. 
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Fic. 6. PLAN OF PuMP HOUSE AND PIPING 


Vacuum Pump 








to 150 pounds steam pressure and ex- 
haust into one 16-inch barometric con- 
denser, which maintains a vacuum of 26 
inches with circulating water taken from 
the main pumps. This condenser is lo- a 
cated as shown in Fig. 4 with its hotwell it 
and overflow above the maximum high- 
water mark of the river. Vacuum is Y 
1 
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maintained by a duplicate set of 8 and 
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16 by 12-inch rotative dry-vacuum pumps m - 
installed in the pump house. 

The return-water turbines, Fig. 1, are 
provided with movable gates operated 
by hand so that they can be set to suit 
the quantity of water being pumped at ® e 
any time, or to suit the water level in ~ —— 
the river, the maximum gate opening Nie ‘a - — 
being sufficient to handle 10,500 gallons ITI Yi C) “ 
per minute at the highest river level. Yj ame 
Under any condition to obtain the maxi- Yj 04 
mum power from the turbines it is only 
necessary to close the gates until the 
water level in the standpipe reaches the 
edge of the overflow without, however, Y Yj 
allowing any water to go over.. A gage | 
on the turbine readily shows when this - 
point has been reached and as the Fic. 5. ELEVATION OF Pump House 
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Setting Corliss Valve Gears 
Simple Methods of Setting Valve Gear on Single and Double 


Eccentric Corliss Engines. 


Each Step Taken up in Detail 











CENTRALIZING AND EQUALIZING MOvVE- 
MENT OF WRISTPLATE AND ROCKER 
ARM 


Suppose the valves are to be set for 
the first time and there are no marks on 
the wristplate hub to mark its central 
position. By the use of a plumb line, as 
shown in Fig. 1, set the wristplate and 
rocker arm in a vertical position. In this 
position adjust the length of the reach 
rod so that the hook will drop on the 
wristplate pin. Next mark the position 
of the wristplate as at A and B, Fig. 2. 
When these two marks are exactly oppo- 
site each other, the wristplate is at its 
center of motion. With the eccentric rod 
connected and the reach rod hooked in 
place, turn the eccentric on the shaft to 
its crank-end dead center and make a 
very light mark on the bracket at C, Fig. 
3, in line with mark A on the wristplate. 
Then turn the eccentric to the opposite 
dead center and in like manner make the 
mark D, Fig. 4, opposite A. With a pair 
of dividers measure the distances from 
BtoC and Bto D. If the mark D is found 
to be nearer to B than C, the eccentric 
rod should be lengthened slightly. An- 
other trial should be made by placing 
the eccentric on its crank-end dead center 
as before and repeating the same meas- 
urements. If it is then found that the 
marks C and D are equally distant from 
B the eccentric rod is adjusted to the cor- 
rect length. 


EQUALIZING LAP OF STEAM VALVES 


To equalize the lap of the steam valves, 
unhook the reach rod and set the wrist- 
plate in its central position. See that 
the hooks engage the catchblocks. Re- 
move the back bonnets from the ends of 
the valve chambers so that the rear ends 
of the valves are exposed. On the face 
of each valve port a mark will usually 
be found showing the location of the port 
opening and upon the ends of the valves 
marks will also be found locating the 
opening edges of the valves. If these 
marks do not appear, they may be ac- 
curately located by removing the valve 
and laying off these lines by the aid of 
a machinist’s square and scriber. In Fig. 
5 mark P represents the opening edge 
of the valve, and R the edge of the steam 
port. When opening, this valve moves in 
clockwise rotation, as indicated by the 
arrow. When marks P and R are exactly 
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together, the edge of the steam port and 
the working edge of the valve are line 
and line. From a table giving the lap 
of valves for different-sized cylinders, 
lay off RS equal to this required lap 
and adjust the rods from the valve-stem 
levers to the wristplate so that P and S$ 
are exactly opposite each other. 


ADJUSTING DASHPOT RODS FOR PROPER 
CLEARANCE BETWEEN HOOKS AND 
CATCHBLOCKS 
When the wristplate is in either ex- 
treme position the dashpot rods should 
be of such a length that the hook will 
engage the catchblock on the valve that 
is to admit steam. Turn the wristplate so 
that marks A and C, Fig. 3, coincide and 
adjust the length of the dashpot rod so 
that there is a very slight clearance at 








amount of the lead. The position of the 
eccentric with reference to the main 
crank is the same as that of a direct 
slide valve with direct rocker arm. The 
Corliss valve may be considered as direct 
if the reach rod in moving toward the 
crank end of the cylinder opens the head- 
end valve. If the rocker arm had been 
indirect the eccentric would have been set 
90 degrees minus the angle of advance 
behind the main crank. Next tighten the 
set screws on the eccentric; have the 
crank turned to the opposite dead center 
and examine the lead. If it is not the 
same, adjust the steam-valve rod to the 
wristplate and see if the clearance at N 
needs to be readjusted. 


SETTING EXHAUST VALVES 
When the proper amount of compres- 
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N, Fig. 6. Next turn the wristplate so 
that lines A and D, Fig. 4, coincide, and 
make similar adjustments on the other 
rod. This completes the adjustmests on 
dashpot rods. 


SETTING ECCENTRIC AND ADJUSTING LEAD 
ON STEAM VALVES 


If the head-end valve is to be set first, 
place the main crank on the dead center 
nearest the cylinder and hook the reach 
rod onto the wristplate stud. It will be 
assumed that the engine is to run over. 
To open the valve at the head end of 
the cylinder, the eccentric crank moves 
in the same direction as the piston; hence 
the eccentric is turned around on the 
shaft 90 degrees plus the angle of ad- 
vance until the valve at the head of the 
cylinder has opened the port to the 
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sion is not known, about 6 per cent. of 
the length of the stroke will do for trial. 
If the stroke of the engine is 36 inches, 
the exhaust-valve rods must be so ad- 
justed as to close the exhaust valves 
when the piston is 2 inches from the end 
of its stroke. Now turn the engine in 
the direction it is to run until the cross- 
head is 2 inches from the end of its 
travel, as shown by marks which should 
be made on the guides. By adjusting the 
length of the exhaust-valve rod to the 
wristplate, the valve on the end toward 
which the piston is moving should be 
moved until the working edge of the valve 
comes exactly in line with the closing 
edge of the port. This marks the point 
of exhaust closure for that end. Turn 
the engine around in the same direction 
until the crosshead is 2 inches from the 
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other end of its travel, when the opposite 
exhaust valve may be set in exactly the 
same manner. When the wristplate is 
setting central,-the opening edges of the 
exhaust valves should have a slight lap 
to prevent a tendency of the steam to 
blow through when the wristplate is in 
this position. 


ADJUSTING THE GOVERNOR 


Most of the modern Corliss governors 
are fitted with a stop device or removable 
collar for the purpose of preventing the 
governor from reaching its lowest posi- 
tion, as when this position is reached the 
valves should not hook on. The stop 
device should be shifted so that the gov- 
ernor sleeve may fall to its lowest posi- 
tion. The wristplate should be rocked to 
its extreme throw each way and the 
safety cams adjusted so that the valves 
will not pick up. Should the governor 
belt break or the engine be very much 
overloaded, the governor would drop to 
its lowest position on the spindle, and 
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as the valve cannot hook on when in this 
position, the admission of steam is en- 
tirely shut off from the cylinder. With 
the governor sleeve resting on the safety 
stop, the governor rods controlling the 
position of the knockoff cams should be 
so adjusted that the valves are on the 
point of being released by the time the 
wristplate reaches its extreme position. 
Although it is not economical to run an 
engine at such an overload that it will 
be necessary for the steam to follow the 
piston full stroke, this adjustment will 
enable the engine to deliver its maximum 
power. 

It should now be ascertained whether 
or not the valves cut off steam at similar 
points during the forward and return 
Strokes. With the reach rod connected 
to the wristplate and the governor 
blocked to the position of normal speed 
(about mid-position), turn the engine 
past the head-end dead center in the di- 
rection it is to run until the head-end 
valve is released. Measure the part or 
Proportion of the stroke that the engine 
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has moved from the center. Mark an 
equal distance from the crank center on 
the crosshead guides, and by turning the 
engine over past this center, see if the 
crank-end steam valve is released when 
the crosshead passes this line. If not, 
readjust the governor rod to this end to 
get the required point of cutoff. 

The work of setting and adjusting the 
valves being completed, the valve-cham- 
ber bonnets may now be put on and an 
indicator card taken to ascertain if the 
setting is correct. In making final ad- 
justments by use of the indicator, remem- 
ber that the time of admission of the 
steam is controlled by adjusting the 
length of the steam-valve rods to the 
wristplate; time of compression and re- 
lease of steam, by adjusting the length of 
the exhaust-valve rods to the wristplate. 
To equalize the cutoff, adjust the length 
of the governor rods controlling the posi- 
tion of the knockoff cams. 


THE DOUBLE-ECCENTRIC ENGINE 


When single-eccentric valve setting is 
thoroughly understood, the double-eccen- 
tric will be found very simple. The cen- 
tralization and movement of the rocker 
arms and wristplates will be identical 
with the single-eccentric engine. 

To set the steam valves, place the 
wristplate in its central position, with the 
valves hooked up, and adjust the radial 
reds leading to the valve arms so that 
the valves will be open about one-fourth 
of the port. They should be set for such 
an opening that valves will have a slight 
lap when the dashpot rods are adjusted 
so that the valves will pick up when the 
wristplate is at its position of extreme 
throw each way. The reason for design- 
ing steam valves for negative lap on the 
double-eccentric Corliss is to increase 
the range of cutoff. The opening of 
minus lap of valves when the wristplate 
is central should not be so large that it 
will be necessary to set the eccentric less 
than 81 degrees ahead of the crank, or 
more than 99 degrees behind the crank, 
depending on the principle of the valve 
mechanism. If these limits of eccentric 
positions are passed, the valves will open 
very slowly, causing wire drawing of the 
steam. 

With the wristplate at its extreme 
throw each way, the dashpot rods are now 
adjusted for proper clearance between 
the hook and the catchblock. With the 
main crank on the dead center, the ec- 
centric may now be set for proper lead 
on the steam valves. 

To set the exhaust valves the wrist- 
plate is placed in its central position and 
the exhaust valves adjusted so that they 
have the required lap as obtained from 
tables for different-sized engines. The 
engine is now turned to the point of the 
stroke where compression should begin. 
The eccentric is now shifted to the posi- 
tion where the exhaust valve is line and 
line on the end toward which the piston 
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is moving, and there clamped to the shaft. 
Be sure that the eccentric is in such a 
position that a forward movement of the 
engine causes the exhaust valve to con- 
tinue closing. 

With the governor sleeve resting on the 
safety stop, hook up the steam valves 
alternately and adjust the governor rods 
leading to the knockoff cams, so that 
the valve which is opening will be tripped 
by the time the exhaust valve on the same 
end opens for release. If the steam 
valves were not released during a com- 
plete cycle of the wrisiplate, the valves, 
having no positive lap, would allow steam 
to blow through direct to the exhaust 
when the wristplate occupies a central 
position. 

The eccentric on any Corliss engine 
may be properly set by making the fol- 
lowing observations: In setting the steam 
eccentric, observe from the valve mechan- 
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ism if the eccentric crank, or full side 
of the eccentric, should move toward the 
crank end of the engine to open the 
head-end valve. If this is the case, the 
eccentric should lead the main crank. If 
the full side of the exhaust eccentric 
moves toward the crank end of the cylin- 
der in closing the head-end vaive, the 
eccentric must be set ahead of the crank. 
The exact relative position of the eccen- 
tric to the crank depends on the following 
suppositions: 

1. If a steam valve has no lap, the 
eccentric must be set practically 90 de- 
grees from the crank position, or have 
a very small angle of advance 

2. If the steam valves have positive 
lap, the eccentric must be set 90 degrees 
plus or minus the angle of advance, de- 
pending on the valve mechanism. 

3. If the steam valves have negative 
lap, the eccentric must be set less than 
90 degrees ahead of the crank, or more 
than 90 degrees behind the crank, de- 
pending on the principle of the valve 
mechanism. 
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Philosophy 


I Learn Why Girth Seams of Cylindrical Boilers Are Sin- 
gle Riveted, and Incidentally Something about Figuring 








After the supper table had been cleared 
off on the evening of the day of which 
I have written I sat down to wrestle with 
the boiler problem which Uncle Pegleg 
had given me. 

Why is a single-riveted girth seam 
good enough for a cylindrical boiler, 
when the side seams have to be double 
or treble riveted ? 

He told me to take a plain cylinder 
and work it out, and I armed myself with 
a pencil and several sheets of foolscap 
and started in to do it. I assumed a 60- 
inch cylinder Y% inch thick and got 


a boiler head, isn’t it?” he said, after he 
had looked it over; “282,744 pounds. 
Ever think what that meant? There’s 
over 140 tons pressure on each head try- 
ing to shove them apart. That’s as much 
as three locomotives would weigh, and 
all that holds them together is a ring of 
metal the thickness of the sheet.” 

I began to wonder if it could be as 
much as that, if I had got my figures 
right. He saw my uneasiness and said: 

“Yes, your figures seem to be all right.” 
Taking down a book he opened it to a 
table which gave the circumferences and 


“Put the end of that rope in the vise. 


So! Now pull on it as hard as you can. 
So! Is that the best you can do?” 

I allowed that I couldn’t pull any 
harder. 


“Then there was a tension in the rope 
of all you can pull, eh?” 

I agreed to that. 

“Now, give me the end of the rope— 
no, the end that’s in the vise.” 

I loosened up the vise and handed him 
the knotted end. 

“Now, pull it,’ he said, and braced 
himself to hold against me. 
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“Now Putt It,” HE Saip, “AND BRACED HIMSELF TO PULL AGAINST Me” 


through it by bed time, copied it off in 
ink and in my best writing, and was pretty 
well satisfied with myself. 

The next day after the dinner pails 
had been opened up and we had got to 
eating, I dug down into my inside vest 
pocket and handed Uncle Pegleg the re- 
sult of my evening’s work, Fig. 1. 

“Good deal of pressure to put onto 


areas of circles ready made and pointed 
out the area for 60 inches diameter 
2827.4, which was the same as mine with 
one less place of decimal. “But what 
did you multiply it by 2 for?” 

“Why,” I said, “there’s 282,744 pounds 
on each head, and they are pulling 
against each other, a’int they? So I 
multiplied by 2 to get the total pull.” 


I put all my strength into it as I had 
against the vise. 

“Pulling as hard as you can?” 

“Yep.” 

“Hard as you did before ?” 

“Yen.” 

“Then there must be the same tension 
in the rope that there was before, mustn’t 
there P” 
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“Sure.” 

“But I was pulling as hard as you 
were, just exactly. If I hadn’t you would 
have pulled me up. If I had pulled any 
harder than you did I would have pulled 
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“How much shell is there to hold it? 
How many square inches of steel would 
be torn apart if she parted?” 

“The circumference times the thick- 
ness.” 
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you to me. Action and reaction are equal 
and opposite. I was just acting as the 
vise for you and you were acting as the 
vise for me, and the tension in the rope 
was only what each of us pulled. It is so 
with the boiler heads. This pressure of 
140 tons or so acting on the front head 
of the boiler would shove it over into the 
next county if there wasn’t the same 
pressure pushing on the rear head 
in the opposite direction to hold it still. 
The two heads are tied together by the 
shell and the tension in the shell is equal 
only to the pressure on one head, not on 
both. One is the vise for the other to 
pull against. Have you got that?” 

It seemed clear enough and I told 
him so. 

“Well, if you have, you have got one 
of the main principles of mechanics, that 
every force is opposed by an equal and 
opposite force. Don’t let it get away 


from you. Now the tension on this 
shell is 


An0r0 % dren %0.78 54+ xfuush 
(AAW 
am I right?” 

“Yes.” 
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“Good! And the circumference times 
the thickness is 


3. th 16x diomxDuclenerd, 


Then the stress per square inch of metal 
is the total stress divided by the number 
of square inches of metal, eh? Or 


iti. x-daomnrcorthrd x erable 

Dorowns x Prt: Hersh, 

¢ 
Know how to cancel, don’t you ?” 

“Scratch out the same things above 
and below the line.” 

“Yes, or divide or multiply a factor 
above and below the line by the same 
quantity. Now, two of the diameters 
cancel out and 0.7854 goes into itself 
once, which you don’t need to put down, 
and into 3.1416 four times, so that the 


stress lengthwise on each square inch 
of metal through the shell is 


fron), x prsbbuly 
We TAL 


and that’ll be so whatever the dimensions 
are, so there’s no use of making a long 
string of figures over it. 

“See how it will come out for your 
case. Put the figures instead of the 
words. Your diameter was 60, your pres- 
sure 100, and your thickness 4. 
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That’s just what you would have got with 
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all your figures if you hadn’t doubled it 
for the two heads.” 

I began to see the beauty of consider- 
ing quantities and their relations to each 
other in their natural form without hav- 
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ing to give a definite dimension to each 
and figure with the dimensions. 

“How did you get the stress in the 
other direction ?” 

“You told me'I could cut the shell up 
into inch lengths and figure one of those, 
for they would all be alike.” 

“Did you do it?” 

“Yes; I took a ring 60 inches in diam- 
eter and an inch wide, made out of %- 
inch stuff and figured how much of a 
force 100 pounds to the square inch in- 
side of it would get up toward busting it.” 

“How did you do it?” 

“Well, I figured like this: You’ve got 
100 pounds to the square inch trying to 
lift the top piece off from the bottom 
piece, Fig. 2. If the ring was straight- 
ened out it would be 


Gox 3.t%16 ABB. UG Amdsahong 


The top piece is 


2183, 4F6 
q4u 247 
and being an inch wide has 94.248 square 
inches. At 100 pounds per square inch 
this would give a pressure of 


Wh 24? x 100-9. 248 few 

“Trying to do what?” 

“To push the two halves of the ring 
apart.” 

“No, it won’t. Some of that pressure 
is acting out this way (drawing in the 
arrow a), and trying to pull the ring 
apart at AA. Some of it is acting in this 
direction (arrow b), tending to part the 
ring on the line BB. Only a little of it 
acts in the direction to give a direct pull 
on these surfaces (mm).” 

I scratched my head; to get all these 
divergent forces down to pulling in the 
same direction looked to me like a hope- 
less task. Uncle Pegleg handed me 
Fig. 3. 

“Here is a cylinder with two pistons 
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in it, one perfectly flat and one like the 
inside of a half globe. Suppose there 


was 100 pounds pressure between them. 
You don’t think the frame would move to 
the left because there is more area in the 
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hollowed-out piston than in the flat one, 
do you?” 
It didn’t seem likely. 











WINALLL217 CZ Zz" fet 





Fic. 4 


“No; of course it wouldn’t, because 
the only area that the pressure can act 
on is the ‘projected’ area. The area that 
would make a shadow if the lines of 
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your force were lines of light. Suppose 
your piston was shaped like this (Fig. 4). 
Any pressure which acted on a surface 
like b would be counteracted by an equal 
pressure upon an opposite similar sur- 
face, but the pressure which acted upon 
the flat rings a would be unbalanced and 
tend to push the piston along. This 
would be so if the steps were so fine that 
a microscope would not find them and the 
bowl-like surface appeared regular and 
polished. 

“You have got the same thing with your 
ring. It is the pressure on the diameter, 
not the half circumference, that you 
want. The force tending to separate each 
inch of the shell in this direction, to lift 
any half of the ring away from the other 
half, is 


Anon x PRUs, 


“The number of square inches of metal 
which would have to be separated (as at 
mm, Fig. 2) is 


2 x DarrRread 


because there are two of them, one on 
each side. 

“Then the stress per square inch of 
metal in this direction is 


drown, % FWbyJUF 
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In the lengthwise direction we found it 
to be 


dom x Abs wrOs 
, 
x UNA ABB 

“TI suppose you can see that the stress 
in the lengthwise direction is only one- 
half that in the other, because 14 is only 
one-half of '4, and the case where you 
divide by 4 will give you an answer only 
one-half as large as when you divide by 
2. Try it on your boiler.” 








I wrote the figures instead of the 
words, 
30 Lon 
Se x pe 
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and found that the stress per square inch 
of metal along the lengthwise seam was 
6000 pounds against 3000 for the round 
about. 

‘““A properly made single-riveted seam is 
more than one-half as good as any other 
seam they can make, and if it’s only got 
to stand one-half the pull what’s the use 
of making it any better?” 

And the old man stumped over to rinse 
out his dinner pail, while I gathered up 
the sketches and my discredited work 
of the night before. 











Turbine Testing in Germany 


Turbines Made by 


Allgemeine Elektricitats Gesellschaft 


Are Given Several Days on Fully Equipped Testing Floor 











Every steam turbine constructed at the 
turbine factory of the Allgemeine Ele- 
ktricitdts Gesellschaft, Berlin, is sub- 
mitted, on the testing floor (Fig. 1) to 
comprehensive tests, lasting a few days, 
the load being furnished by water brakes. 
The testing floor is fully equipped for 
testing even the largest types of turbine. 

The 12,000-horsepower steam turbine 
represented in Fig. 2 is intended for the 
small cruiser “Mainz” of the German 
Navy, and runs at a speed of 306 revolu- 
tions per minute. The “Mainz” is the 
first turbine cruiser to employ only two 
shafts, all those previously constructed 
being equipped with three or even four 
shafts. It will be readily understood that 
this reduction entails a most important 
simplification both in service and in ship 
construction. In fact, the design of the 
after part of the ship thus becomes con- 
siderably more substantial, and as each 
of the shafts is driven by a self-contained 
turbine, they are entirely independent of 
one another. 

The turbines of the “‘Mainz’ ’have been 
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designed, because of their considerable 
length, with two housings and interme- 
diary thrust bearings. Fig. 2 shows, to 
the right, the high-pressure section of 
the forward turbines with 12 Curtis 
stages, to the left, the low-pressure sec- 
tion of the forward turbine, and, at the 
left-hand extremity, the reversing turbine. 
As in the Allgemeine Elektricitaéts Gesell- 
schaft land-turbines, the high-pressure 
section comprises wheels, several rims of 
which are traversed successively by the 
same steam jet, Curtis, whereas, in the 
low-pressure section, there is a difference 
in pressure between each two rims, en- 
tailing an ever-renewed conversion of 
pressure into velocity. In the high-pres- 
sure section, there are formed entirely 
inclosed compartments, the same as in 
land-turbines, by intermediary bottoms, 
fitted into the housing, whereas, in the 
low-pressure section of the ship turbine, 
the several stages are packed at the cir- 
cumference of the rim. The excess pres- 
sure between the initial steam pressure 
and the vacuum accordingly acts against 








the surface of the drums thus formed, 
compensating the thrust exerted by the 
propeller in driving the ship, and re- 
lieving the thrust bearing. The reversing 
turbine is designed in the same manner, 
the drum beginning at the pressure which, 
in accordance with the actual drum diam- 
eter, suffices to overcome the propeller 
thrust at full speed. A novel feature is 
the use of an air-pump driven by turbine, 
which affords considerable advantages in 
marine service. 

The boiler house supplying the testing 
floor contains five Babcock-Wilcox wa- 
ter-tube boilers, of 250 square meters 
(2700 square feet prox.) heating area, 
each with superheaters and economizers. 
Each of these boilers generates 40 kilo- 
grams (88 pounds) of steam at 15 at- 
mospheres, at 350 degrees Centigrade per 
square meter heating surface per hour 
though the steam temperature can be 
raised by superheating to 400 degrees 
Centigrade. Another similar unit is to 
be added. 

This steam is also used to operate the 
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power house of the turbine factory, 
which, it seems, is the first in which all 
operations, even accessory duties, are 
done by steam turbines. 

Each of the two main turbines of this 
power house (designed on the Allgemeine 
Elektricitats Gesellschaft Curtis system) 
runs at a speed of 3000 revolutions per 
minute, being directly coupled to a 2000- 
kilowatt three-phase dynamo. Immedi- 
ately below the main turbines are fitted 
below the floor, the two surface con- 
densers, in front of each of which is ar- 
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ranged a pump set consisting of a steam 
turbine operating a cooling-water pump, 
and a combined centrifugal air pump and 
condensed-steam pump. Immediately in 
front of the condenser sets there are in- 
stalled likewise below the floor, two 
boiler-feeding pumps, coupled directly to 
the steam turbines, and behind these, 
two cooling-water pumps, operated in the 
same manner, for the testing floor. Above 
the floor, there is arranged, behind the 
main turbines, the continuous current 
turbo-dynamo, of 150 kilowatts. 
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On account of the high speed of ro- 
tation artificial cooling is indispensable 
as, owing to the small armature diameter, 
the surfaces to be cooled are extremely 
small as compared with the electrical 
lesses. This is done by air supplied by 
substantial fans mounted on the inductor 
shaft. Filters prevent any obstruction of 
the rotor and stator windings by the con- 


tact of the air. These filters, which con- 


sist of previous tissues, are cleaned by 


. a 


means of compressed air. 
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Streneth of Steel at Different ‘Temperatures 








Reports of complete tests made at the 
Watertown arsenal to determine the 
Strength of steel at different tempera- 
tures show that a certain bar had a ten- 
sile strength of 75 tons per square inch 
at 400 degrees Fahrenheit, but when this 
was raised to 1600 degrees Fahrenheit, 
the tensile strength was reduced to about 
10 tons. The maximum strength of an- 
other bar was about 35 tons at 400 de- 
grees Fahrenheit, but it fell to six tons at 
1600 degrees Fahrenheit. Other tests 
Show similar results, and from a due con- 


sideration of them we find that many 
samples of iron and steel attain their 
maximum strength at from 400 to 650 
degrees Fahrenheit, and when this is ex- 
ceeded the strength falls rapidly. Appli- 
cation of these results to daily practice in 
the boiler room shows that when our 
boilers have the proper amount of water 
in them, the material of which they are 
made holds to its best advantage at the 
highest pressure of saturated steam, but 
when the water level falls until some of 
the upper parts are exposed on one side 


to the direct action of heat from the fur- 
nace, with steam on the other side, the 
temperature attained greatly decreases 
the holding power of the plates, hence 
failures resulting from this cause, which 
destroy life and damage property, are 
not mysterious, but are the natural re- 
sult of well known conditions. While 
it is possible for a boiler to be exposed 
once or twice to such dangerous condi- 
tions without causing an explosion, still 
the repetition of them will surely cause 
trouble sooner or later. 
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Fic. 2. 12,000-HORSEPOWER TURBINE OF THE GERMAN CRUISER “MAINZ” ON THE TESTING FLOOR 














Fic. 3. TESTING A TURBINE DESIGNED TO RUN A WATER-wORKS PUMP 
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The Centrifugal Wet Vacuum Pump 


Advantages of the Direct Driven Centrifugal as Compared 
with Reciprocating Type for Circulating and Hotwell Service 











market. 
however, made remarkable strides since 
its inception and is now at least on equal 
terms with the reciprocating pump, espe- 


centrifugal is at its best. 


The application of centrifugal pumps 


to surface condensers to remove the con- 
densed steam is of only recent date. 
factor which has had the greatest influ- 
ence in bringing this about is the advent 
of the small steam turbine. 
course, possible to use other prime mov- 
ers for this work, but none affords as 
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two good examples and may be con- 
trasted with that required for the plunger 
pumps, shown in Figs. 1 and 2. These 
units are all installed with 8000-kilowatt 
turbines, and are fair samples of such 
outfits for generating units. The outfit 
may be slid into any available place near 
the condenser—preferably under it—pro- 
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satisfactory a drive for hotwell pumps 
as the turbine, and it is within the last 


few years that the latter has been on the 
This type of installation has, 
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MONITOR DupPLEX Pump, 10 AND 12 By 10-INCH 


vided only that a head of at least 3 or 
4 feet is allowed on the suction side of 
the pump. When it is possible to place 
the pump directly beneath the condenser 


10” Discharge 
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Fic. 2. SIMPLE Pump, 10 AND 20 By 24-INCH 


cially in large plants where space for 
auxiliaries is at a premium. 


This space consideration often compels 


a plant designer to squeeze his hotwell 
pumps into a very contracted space, and 


under such conditions the direct-driven 
The sketches, 
Figs. 3 and 4, show the space taken up by 


v0 


and slightly to one side of or even di- 
rectly under the hotwell itself, it is, of 
course, advantageous to do so, as this 
arrangement gives compactness and 
facilitates float-valve regulation of the 
pump. 

Centrifugal pumps for this service 
must be small and consequently high- 








speed to handle the condensate. A 3-inch 
pump, for example, running at 1500 revo- 
lutions per minute will handle 300 gal- 
lons per minute against 55 feet total 
head, which corresponds to the steam 
used in an 8000-kilowatt turbine. This 
high speed restricts the choice of motive 
power to a small field. In a steam-driven 
station the real choice lies between elec- 
tricity and steam. If the pump could run 
at a constant speed, a motor would be 
preferable in many cases, but the wet- 
vacuum pump’s speed must vary to meet 
the changes in load on the main unit and 
in addition is subject to wide and almost 
instantaneous fluctuations occasioned by 
the operation of the float at constant load. 
This could be and is in some cases ac- 
complished by means of a rheostat con- 
nected to the float arm and regulating the 
motor, but such an outfit is cumbersome 
and subject to wear and tear far exceed- 
ing that of a turbine regulator. Most of 
the centrifugal hotwell pumps in large 
stations are, therefore, direct connected 
to small high-speed turbines. The latter 
exhaust into the feed-water heaters 
and, therefore, their steam consumption 
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(which is rather high under these con- 
ditions) is not a factor. 

As has been said, the pumps should 
have at least 3 or 4 feet positive head on 
the suction side, as, owing to the vacuum 
and the high temperature of the conden- 
sate (usually within 5 or 10 degrees of 
the boiling point at the vacuum carried), 
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there is liability of vapor forming in the 
volute of the pump due to very slight 
heating. Then if the head on the suction 
side is insufficient the pump becomes air- 
or vapor-bound and refuses to remove 
any more water. In order to afford a 
steady discharge and prevent racing as 
much as possible, a discharge head of at 
least 25 feet is necessary. A loop of pipe 
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start cold and the pump has absolutely 
no valves or other apparatus to think 
about. Once started, the float, check and 
turbine governor, Fig. 5, attend to the 
rest automatically. In some installations, 
the float valve is dispensed with, the 
speed being controlled entirely by the 
governor of the small turbi1e driving the 
pump, but the wide fluctuations in speed 
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Fic. 3. FIvE-INCH TURBINE-DRIVEN VOLUTE PUMP 


with an atmospheric connection at the top 
of the loop will give the desired head if 
the heater is not sufficiently elevated. 
The discharge line should also be pro- 
vided with a check valve set near the 
pump. Without a check, in case the 
pump becomes air- or vapor-bound, the 
vacuum in the condenser will suck the 
water back from the discharge through 
the pump and up into the body of the 
condenser. It is better practice to take 
fhe discharge from the top of the pump, 
horizontally, to minimize the chance of 
air pockets in the volute. Bottom hori- 
zontal discharges are more common, 
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Fic. 4. FIvE-INCH Two-STAGE CENTRIFUGAL PUMP 


however, due to their convenience in pip- 
ing. 

In operation, these units are exceed- 
ingly simple. In starting a large con- 
densing turbine or engine, the circulating 
pump, dry-air pump and main unit are 
started in that order, and finally the hot- 
well pump. With a turbine-driven cen- 
trifugal outfit, merely opening the throttle 
of the auxiliary turbine serves to com- 
mence operations, as the turbine will 





necessary make it difficult to adjust the 
revolutions so that the pump will neither 
empty the well entirely or get swamped. 
A simple ball float in the hotwell operat- 
ing a balanced valve in the steam line 
to the turbine will keep the water level 
within a range of 6 inches and insure 
steady operation without the necessity of 
hand throttling. By careful adjustment 
of the lever arms, the level can be kept 
practically constant. In case of trouble 
the turbine governor which should be 
set to open at the speed corresponding 
to maximum load on the main unit, will 
prevent running away. 
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of pump has sometimes given trouble 
when first installed, but once these ini- 
tial difficulties have been overcome, there 
are no further obstacles to be encoun- 
tered. The effect of slight heating at 
high vacuum has been mentioned, and 
the remedy—setting the pump low 
enough to insure a positive head of a 
few feet—has already been specified. 
Another feature which should be care- 
fully provided for, is absolute tightness. 
A very small leak when running with a 
high vacuum will spoil the efficiency com- 
pletely. Air leaking into the pump cas- 
ing wili cause the pump to lose its suc- 
tion and simply churn up the water with- 
out doing any work. It is always possible 
to discover whether the volute is full of 
water by opening the pet cock, from 
which should shoot a strong stream if 
the pump is working as it should. In 
one case it was discovered that a grease 
cup on the pump bearing was not tight, 
and every time the check valve closed 
the grease would be sucked into the pump 
and the air following it made the pump 
air-bound. 

There is sometimes trouble with the 
bearings running hot, but this is a matter 
of adjustment and applies to any type 
of high-speed motor. In one installation 
the bearings were water-jacketed. and no 
trouble was experienced whatsoever. If 
the float-valve connections to the steam 
valve are not properly proportioned, there 
may be a constant pendulum action of 
the water level between the two extremes 
of travel of the float and a corresponding 
speeding up and slowing down of the tur- 
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Once in operation, the centrifugal wet- 
vacuum pump requires no further atten. 
tion until time to shut down, and then a 
few turns of the throttle-valve spindle 
is all that is necessary. As a labor saver 
this unit recommends itself to any think- 
ing station engineer. Its extreme sim- 
plicity is one of the greatest arguments 
in its favor. 

Because of its newness and the lack 
of reliable data on its operation, this type 


bine, which gives rise to what is known 
as “singing.” Instead of a constant quiet 
whirr from the machine, the note rises 
and falls like a siren. This may be cor- 
rected by adjusting the float levers so that 
a considerable rise or fall of the float 
causes the balanced valve to open or 
close a small amount only. With a little 
care and experimenting, the fluctuations 
in level may be restricted to a very slight 
range. 
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There have been cases where appar- 
ently everything possible had been done 
to insure successful operation and still 
the pump refused to work, and then some 
insignificant adjustment, done perhaps 
accidentally, has solved the whole trouble 





























POWER AND THE ENGINEER 


When no float valve is used, the pump 
is apt to suck the hotwell dry and become 
air-bound. When this happens, it is prac- 
tically impossible to prime the pump, no 
matter how high the suction head be- 
comes, without breaking the vacuum. 


C.L. of Condenser 
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The main disadvantages in connection 
with centrifugal hotwell outfits are the 
necessarily delicate adjustments consist- 
ent with good operation, the care to be 
exercised to avoid leaks, and the neces- 
sity of insuring cool bearings for the 
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as mysteriously as though magic were at 
work. In one case that came under the 
writer’s observation, the hotwell was 
separate from the condenser and a 6-inch 
elbow fed the former from the bottom 
of the condenser, as in- Fig. 6. There was 
a float valve installed. The level in the 
well would remain within the zone of the 
float’s operation, but a new level appeared 
in the gage glass on the condenser. In 
other words, the condensed water refused 
to more than trickle down into the well 
and gradually collected in the condenser 
instead. On breaking the vacuum, the 
water ran down without difficulty. The 
connecting elbow was removed but no ob- 
Struction could be found. The installa- 
tion of the check valve had been delayed, 
and as there were 25 or 30 feet discharge 
head and the unit was badly needed, it 
had heen decided to run without the 
Check valve until it could be put in. 
After a week or so of experimenting with 
no success, the check valve arrived and 
Was put in the discharge line, whereat 
the pump started off and ran perfectly 


_ no recurrence of the double water 
evel, 
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STEAM CONNECTIONS FOR TURBINE-DRIVEN CENTRIFUGAL HOTWELL PUMP 
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HOTWELL SEPARATE 





FROM CONDENSER 
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high speeds employed. But with reason- 
ably intelligent erection, these pumps 
should give very little trouble. 

The advantages of this type over the 
reciprocating pump are many and im- 
portant, and more than counterbalance 
whatever troubles may arise incident to 
their operation. Very often the space 
consideration is of sufficient importance 
to condemn the reciprocating pump with- 
out looking any further. For testing, the 
centrifugal pump lends itself to the use 


POWER AND THE ENGINEER 


of the Venturi meter. The slow pulsa- 
tions of the plunger pump make it im- 
possible to measure the condensed water 
by this means. As already stated, when 
the turbine-driven centrifugal pump has 
been started, the attendance required is 
practically nil. The saving in labor con- 
sequently is an item in a large plant. The 
extreme flexibility of this outfit is very 
much in its favor for hotwell service, as it 
will respond almost at once to wide fluctu- 
ations in load and is perfectly automatic in 
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its action. In case of a sudden peak the 
operating force has plenty to do without 
thinking about the wet-vacuum pump. 

With centrifugal circulating and hot- 
well pumps the attention demanded by 
auxiliaries is materially reduced, and 
with the advent of a practical centrifugal 
dry-air pump for high vacua, will reach 
a minimum. It might then be possible 
to drive the dry-air and circulating pumps 
from the same turbine, with a consider- 
able saving in space and attendance. 








Mean Effective Pressures Do Not Check 


Pressures Actually Obtained from Single-Cylinder Noncon- 
densing Steam Engines Are Lower Than Usual Tabular Values 











It has been the experience of engine 
designers and engineers that the mean 
effective pressures obtained in practice 
from noncondensing simple steam en- 
gines do not correspond with those usu- 
ally given by the tables that are in vogue 
and are published by different engine 
builders. 

Whenever it is desirable to know the 
probable mean effective pressure for a 
given pressure in the steam pipe near the 
engine throttle valve for a given actual 
cutoff, Table 1 is presented as being more 
in accordance with general practice. The 
drop in steam pressure from the steam- 
pipe pressure to the point of cutoff is 
considered as an essential factor and is 
recognized in these calculations; it is 
assumed to be 20 per cent. of the abso- 
lute steam pressure in the steam pipe. 
This amount in some cases is excessive, 
but by comparing a large number of in- 
dicator cards taken under different condi- 
tions and from different types of engines, 
this is not an extreme amount. This is 
especially true since the advent of high- 
speed engines with valve gears operated 
by main-shaft governors, in which the 
closing period of the valve is not so 
sharply determined on the diagram as 
with slow-speed Corliss engines or en- 
gines fitted with gridiron valves. 

The basis of figuring these mean effec- 
tive pressures is shown in the accom- 
panying diagram. The following assump- 
tions are the basis of the calculations: 

Drop of cutoff pressure, 20 per cent. of 
the absolute steam-pipe pressure. 

Clearance space, 5 per cent. 

Compression and release take place at 
85 per cent. of the stroke. ‘ 

Back pressure, 15 pounds absolute. 

The effective area, which can be ob- 
tained, consists of the large area X, or 
ABCDE plus the triangle T, or FG B, 
less the compression area S, the back- 
pressure area W up to the point of com- 


pression, the area of loss after release V, 
or the triangle MC O, and the area of 
the unfilled clearance space U, or 
AF YZ. Expressed in a formula, 
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Effective area = X + T — 
(W+S+V+0). 


The compression area S is equivalent to 








TABLE 1. OBTAINABLE 


MEAN EFFECTIVE 


PRESSURES IN 


NONCONDENSING STEAM ENGINES. 





ACTUAL CUTOFFS OF 





Steam Pipe Pres- 











ADMISSION VALVES. 






















































































sures Near Throttle. ‘| l l l | 
Pounds. 0.15 | 0.2 | 0.25) 0.3 |} O 35 0.4 0.45 0.5 | 0.85 0.6 
ae —__—_|—__—_|—__—__|- = a Bees = ek) aera cas 
60 11.3 16.0 19.6 23.1 | 25.9 28.5 30.6 32.6 34.2 35.5 
70 15.4 20.6 | 24.8 28.6 | 31.8 34.8 | 37.2 39.5 41.3 42.7 
80 | 19.5 | 25.1 | 29.9 | 34.1 | 37.8 | 41.0 | 43.8 16.3 | 48.5 50.0 
90 23.4 29.6 34.9 | 39.6 43.6 7.2 50.4 53.0 | 55.5 57.4 
100 27.3 34.2 40.0 | 45.2 19.6 53.6 57.0 59.9 62.7 64.7 
110 31.3 38 .7 45.0 | 50.7 55.6 59.8 63.7 66.7 69.7 72.0 
120 35.2 43.2 | 50.1 | 56.2 | 61.4 66.0 10.2 73.6 76.9 79.3 
130 } 39.1 47.7 65.1 | 61.8 | 67.3 72.2 76.8 80.5 | 84.1 86.7 
140 ; 43.0 52.2 60.2 67.4 | 73.3 78.5 83.4 87.5 91.3 94.2 
150 | 46.9 | 56.9 65.2 | 72.9 | 79.3 84.9 90.0 94.4 | 98.3 101.6 
| | | 
TABLE 2. COMPARISON OF MEAN EFFECTIVE PRESSURES OBTAINED 
IN PRACTICE WITH TABULAR AMOUNTS. 
| | 
1 2 3 1 | 5 6 7 
| Actual | M E.P. as 
Steam Pipe M.E.P. from per Usual 
eee, Pressure, | | Diagrams, M.E.P.as per| M’f’r’s 
Type of Engine.|Size, Inches.} Lb. Gage. {Actual Cutoff./Lb.perSq.In. Table 1. Tables. 
| 83 | 0.203 | 24.5 26.2 36 
Single valve... .| 8x12 82.4 | 0.312 34.8 35 18 
81.9 0.378 | 43.1 40 55 
| 0.32 | 15.5 17 64 
Single valve... .| 13x12 100 0.42 56.5 55 76 
| 0.53 | 67.6 | 61 84 
COPHSS.... 64455. 23x60 72.8 0.367 | 83. 1 33 46 
| 
— ——§ —— | — 
, | 
Corliss. .......| 2864x503 101 0.315 | 41.2 | 46 61 
| 0.178 29.5 30.5 40 
COMMS. 2. .iciaeict 16x42 100 0.231 38.1 38 19 
0.323 48.4 417.4 64 
| | | Pa aamare 
COPIES. gk ie iis 22x30 148.5 0.201 4.6 55.5 
| 
} s 
Gridiron valve.| . 28x60 65.1 0.222 | 23.8 20.8 30 
| 
ee | -12 0.185 42.3 44 58 
Four-valve.... .| 19x18 100 0 285 93 39 12 

















4 January 4, 1910. POWER AND THE ENGINEER 21 
' 7.15 pounds mean effective pressure, the 


able, as are also the large area X and 
back-pressure area W is equivalent to 


triangle T. 


curve GLB from initial pressure, but in 
this consideration it has been taken to 
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13.6 pounds, and areas U and V are vari- 











In practice the steam line follows the 
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EFFECTIVE AREA 23F INDICATOR DIAGRAM 


follow the hypotenuse of triangle T. 
The difterence between the two lines will 
offset the usual drop in initial pressure, 
as shown from G to K. 

The line G F is just two-tenths as long 
as the line G H, or, as previously stated, 
the drop in steam pressure from initial 
to the point of cutoff represents a drop 
of 20 per cent. of the absolute steam 
pressure in the steam pipe. 

To show the correspondence of this 
table of mean effective pressures with 
diagrams in practice, Table 2, which gives 
the style of engine, cutoff, steam-pipe 
pressure and the actual obtainable mean 
effective pressure for each case, is sub- 
mitted. Column 6 gives the mean ef- 
fective pressure as given by Table 1. In 
the last column are shown the mean 
effective pressures which are found in a 
well known table of a prominent engine 
builder. The discrepancies between 
actual mean effective pressures and those 
given by these values are excessive, and 
the usual tables are therefore misleading. 








6000 H. P. Absorption Dynamometer 


Principle of Reversed Turbine Used in the Solution of New 
Problem in Water Brake Design. Large Power at Slow Speed 








For measuring the power output of 
prime movers, such as steam engines and 
electric motors, the prony brake has for 
a long time been considered a satisfactory 
piece of experimental apparatus when 
handling moderate powers. This device, 
as is fairly well known, usually consists 
of bands of rope put around the rim of 
the flywheel, these bands being attached 
to a frame resting upon a balance scale, 
the wheel revolving inside the bands, 
which remain stationary. Suitable means 
are provided for applying tension to the 
ropes to make more friction on the fly- 


wheel rim and thus increase the resist- - 


ance to the rotation of the flywheel and 
consequently the pressure upon the scale. 

In this way it is clearly seen that the 
power of the machine to be tested is 
transformed into heat due to the friction 
of the bands and this heat is carried off 
by a stream of water which flows into the 
inside of the rim, is carried around by 
the centrifugal force and finally scooped 
out at some other point by a suitable 
overflow pipe. Another evidence of the 
friction produced is the tendency to 
rotate the band, and this is measured by 
the downward pressure upon the scale 
which resists this rotating tendency. 

To calculate the horsepower delivered 
it is assumed that the force measured by 
the scale is acting at a lever arm equal 
to the distance from the center of the 


wheel to the point of support at the scale, 
and that if the band were allowed to 
rotate, it would make as many revolutions 
per minute as the wheel does. The two 
elements of work, that is, force (the 
pressure upon the scale) and the distance 
traveled in a given time (the circumfer- 
ence corresponding to the lever-arm 
radius, multiplied by the revolutions per 
minute) are then both known, and their 
multiplication will give the power being 
absorbed by the prony brake. 


WATER BRAKES 


Such a device as this is suitable for 
moderate power, but when more than 
about 200 horsepower is required to be 
measured, the heat generated becomes 
excessive and the difficulties of construct- 
ing the brake with sufficient area to carry 
off this heat make it a practical impos- 
sibility. For the purpose of testing steam 
turbines, manufacturers have for some 
time been using what is known as a water 
brake. This device uses practically the 
same principle as the prony brake, with 
the exception that the energy developed 
by the turbine is absorbed in churning up 
a quantity of water so that its tempera- 
ture is raised, and in fact some of the 
water is boiled away. This device is suit- 
able for much larger powers than the 
prony brake. 

In a water brake the essential features 


are a rotor mounted upon the shaft which 
is delivering the power, a stator which 
surrounds the rotor, and a quantity of 
water between the two. The stator is 
provided with a lever arm which pro- 
trudes from one side, so that it may rest 
upon a scale, the weight of the stator 
body being supported by bearings on the 
revolving shafts. In the periphery of 
the rotor, which is of cast iron, there are 
blades, somewhat like those of a paddle 
wheel, with the exception that they are 
inclined forward, and furthermore, are in 
two diagonal sections, something like the 
teeth of a herringbone gear. Surround- 
ing the rotor there is the cast-iron shell 
of the stator and on the inside of this 
there are other blades arranged somewhat 
like the teeth of an internal ratchet. These 
teeth are not very deep, but are faced in 
such a direction that the water which is 
admitted between the revolving and sta- 
tionary elements, is thrown with great 
violence by the rotating blades against 
the faces of the ratchet teeth on the in- 
side of the stator. This violent throwing 
of the water not only heats it up and 
causes some of it to boil away, but the 
impact of the water against the blades of 
the stator causes the same tendency to 
rotate that there is in the ordinary prony 
brake. This tendency shows itself in a 
force at the end of the lever arm bearing 
down upon the scale. Again, in this de- 
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vice, by noting the pressure on the scale 
and the speed of the shaft, the horse- 
power is easily calculated. The load 
upon the machine is adjusted by the 
amount of water admitted to the brake, 
and this is controlled by valves. 
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tively low speed of 300 revolutions per 
minute. 

Necessity for this brake was due to the 
desire to measure the capacity and effi- 
ciency of the experimental spur-wheel 
reduction gear for high-speed turbines 
recently invented by Rear-Admiral 
George W. Melville and John H. Macal- 
pine, and constructed by the Westing- 
house Machine Company, to whom we 


Reduction Gear 


cod 7 




















January 4, 1910. 


minute would limit the diameter of the 
brake wheel to 6 or 7 feet, and in order 
to get sufficient surface to absorb the 
power, the face of this wheel would have 
to be at least 30 feet long. Such a brake, 
of course, could not be practically con- 
structed. 


ELECTRIC GENERATOR NoT SUITABLE 
One would naturally suggest for such 
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THE NEw PROBLEM 
These water brakes are suitable for 
high speeds; that is, from 750 revolutions 
per minute to 4000 or more, the former 
figure being for large machines and the 


are indebted for the accompanying illus- 
trations. A brake for such conditions as 
this was entirely unprecedented. First, 
the development of 6000 horsepower, if 
transformed into heat, is practically equal 














Fic. 2. DYNAMOMETER ASSEMBLED FOR THE TEST 


latter for small ones. Of late, however, 
there has been a call for a water brake 
involving a new problem in the fact that 
it would be necessary to absorb 6000 
effective horsepower at the compara- 


to that which would be generated in a 
furnace burning coal continuously at the 
rate of 1200 pounds per hour. If such 
a brake could be constructed in the prony 
type the speed of 300 revolutions per 
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conditions as this, that the power be ab- 
sorbed by an electric generator, the cur- 
rent developed being passed through 
water resistance, in order to vary the load 
as desired. The trouble with this is that 
the generator would be cumbersome and 
expensive, and many of the losses such 
as windage, eddy currents, etc., in the 
generator itself make the measurement 
of the power subject to certain assump- 
tions which to a considerable extent in- 
validate the object of the tests, namely, 
to accurately measure the output and also 
the efficiency of the gearing. 


SOLUTION: THE TURBINE BRAKE 


Such an electric generator not being 
Suitable, the idea of using the old-style 
water brake would, of course, suggest 
itself, but it was recognized that the ex- 
cessive power at the extremely low speed 
would necessitate some change in de- 
sign. This is exactly what was settled 
upon, and the hydraulic brake, herewith 
illustrated, was developed by Raymond 
N. Ehrhart, of the Westinghouse engi- 
neering staff, for this purpose. The prin- 
ciple invoved is practically the same as 
that of the ordinary water brake, with the 
exception that the principle of the steam 
turbine, reversed, was incorporated; the 
object being to get the violent churning 
effect at the lower speed and to obtain 
it in a machine of practical size. 

Fig. 2 shows the general outside view 
of the apparatus assembled for experi- 
ment, the part in the foreground, ‘looking 
not unlike a large centrifugal pump, is 
the stator casing of the dynamometer. 
At the right will be seen the lever arm ex- 
tending from the shell and resting with 
a knife edge upon an I-beam, which in 
turn rests upon a fulcrum in the distance 
and the scale in the foreground. By this 
double-lever system the pressure of the 
rotating tendency is reduced in the ratio 
of 1 to 4, and so is easily and accurately 
measured upon standard scales. In Fig. 
2, in the distance, also will be seen the 
two large spur gears of the Melville- 
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Macalpine device. These, gears are At the top of the stator will be seen is transformed into steam by the violent 
mounted directly on the shaft upon which the two rubber-hose pipes through which churning action comes out through the 
is also mounted the rotor of the dyna- water is admitted to the dynamometer top of the shell where two bank flanges 
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casing. That portion of the water which 




























































are seen in the halftone. The water 
which does not boil away passes out 
through two pipes at the bottom of the 
casing, the openings being regulated by 
valves on the ends of these pipes. There 
are two objections to allowing the energy 
to be used in boiling all the water in the 
casing. In the first place, if it should all 
boil away suddenly the load would be at 
once removed from the dynamometer, 
and secondly, the violent boiling action 
makes it difficult to regulate the quantity 
of water in the casing and makes the 
pressure upon the scale very irregular, so 
that uniform results are difficult to ob- 
tain. When in operation, an attendant 
carefully adjusts the amount of water 
flowing so that the pressure upon the 
scale beam is just balanced at a con- 
stant point, thus showing that the load 
transmitted by the gears tested is also 
constant. 

As with the ordinary water brake, the 
load may be varied by adjusting the 
water supply. Fig. 1 shows the general 
arrangement of the apparatus, the steam 
turbine being on the right and the reduc- 
tion gear in the middle with the dyna- 
mometer at the left. Fig. 3 shows a side 
view of the rotor, the large grid open- 
ings in the side being those shown at 
F in Fig. 5. In Fig. 3 also, are clearly 
seen the turbine blades in the periphery 
of the rotor. These blades, as in turbine 
design, are dovetailed into the rotor 
frame and laced together near the outer 
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Fic. 4. INSIDE VIEW OF STATOR SHOWING FLAT STATIONARY BLADES INSIDE AND LEVER ARM AT RIGHT 
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Fic. 5. CROSS-SECTION THROUGH ASSEMBLED DYNAMOMETER 


ends by the wire shown in the halftone. 
This wire is of peculiar shape, being not 
unlike a comma in section. The holes 
punched through the blades are also of 
the same section, and after the wire is 
passed through all the holes, and the 
blades have been carefully spaced, the 
tail of the comma between the blades is 
forcibly bent out by suitable pliers so 
as to act as spacing pieces. The blades 
on the two ends of the rotor are turned 
in opposite directions, as is clearly seen 
in Fig. 6, which also shows the water 
passages through the center of the rotor. 
Fig. 4 shows the inside view of the stator, 
the blades of which are flat. 


THE ACTION 


With this description of the parts, the 
action of the device will be easily under- 
stood. Referring to Fig. 5, the water 
enters the casing through the passages 
marked C. The passages marked D are 
for the escape of steam generated by the 
transformation of the power into heat. 
As said, it is not practical to carry off 
all the heat by evaporation alone. If this 
were done, it would mean the generation 
of 15,000 pounds of steam per hour, giv- 
ing rise to the difficulties already men- 
tioned. Water entering through the pas- 
sages C flows into the center of the rotor, 
is thrown out through the central ports, 
which in Fig. 7 are marked A, and from 
there to each side, being caught by the 
rapidly revolving turbine blades of the 
rotor. These blades are shown in solid 
black in Fig. 7, while the cross-hatched 
areas represent the flat blades of the 
stator. 

After being violently whirled through 
the first set of movable blades, the water 
passes through a set of stationary blades, 
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from there to the next set. of movable 
blades and ‘so on, being alternately 
whirled around and retarded by the mov- 
ing and stationary blades, until what has 
not already been evaporated, is dis- 
charged at each side into the semi-circu- 
lar passages, from which it again flows 
into the center of the rotor. Here it mixes 
with the fresh water coming in through 
the inlet passages and again goes through 
the central ports of the rotor, out into the 
blades and around and around as the 
action continues. The surplus water 
flows out through the bottom, as shown 
by the passages E E in Fig. 5, and by the 
time it comes out of these passages it is 
practically at boiling temperature. The 
semi-circular passages are also cast with 
baffles, as shown in Fig. 4, to assist in 
retarding the rotation of the water. 

In the calculation of the horsepower 
developed, it is, of course, first necessary 
to determine the zero reading, or the dead 
weight of the overhanging lever arm. 
Moreover, as the journal friction affects 
this very materially when standing still, 
a screw jack was interposed between the 
lever arm and the scale, and weight read- 
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Fic. 7. DEVELOPED 


ings were taken when screwing the jack 
both up and down. The mean between 
these two was taken as the correct zero 
reading. 


THE INPUT 
So far we have considered only the 
measurement of the output of power. It 
has already been said that the object of 
the test was to determine the efficiency 
of the gearing. In order to do this, it is 
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just as essential to know the input as to 
know the output. In order to determine 
the input for this particular set of ex- 
periments, a steam turbine, of suitable 
size and speed, was carried through a 
long series of brake tests from which it 
was found that for each speed and load, 
with a constant vacuum, and with steam 
of uniform quality, there is a correspond- 
ing inlet steam pressure. By varying the 
conditions and measuring the output of 
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SECTION THROUGH BLADES., MOVING BLADES SOLID; STATIONARY BLADES CROSSHATCHED 


the turbine, the turbine itself was practi- 
cally calibrated so that for any given set 
of conditions, the actual output could be 
accurately predicted. In this way, then, 
knowing the output of the turbine for a 
given set of conditions, and measuring 
the power absorbed by the dynamometer, 
the efficiency of the gearing was easily 
determined. It is said that this dyna- 
mometer has been an entire success in 
spite of the fact that it was radically new. 








Filtering Water for Boiler 


Use 








There are cases, especially in districts 
where woolen and cotton mills abound, 
where the dyes are emptied into the river 
0: canals, which makes the water practi- 
cally useless for any purposes except that 
of power. In many places the water 
problem is one of the chief concerns of 
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throughout the factory. The canal water, 
being at a higher level than the yard of 
the boiler and engine room, water was 
delivered to a box, 15 feet square, by 
gravity. In the center of this box was a 
smaller box A in which excelsior was 
placed, the small box resting upon ordi- 








To Feed Pump 








ARRANGEMENT OF FILTER BOXES 


the engineer and plant manager, and any 


‘means that will permit using water that 


Can be obtained free of cost is of import- 
ance, 

In the illustration is shown a system 
by which the water of a canal into which 
the dyes and waste matters from sev- 
eral ‘manufacturing establishments were 
dumped, was made fit to use for boiler 
Purposes, besides that of general use 


nary boiler ashes, which completely filled 
the larger box. 

The water, filtering through the excel- 
sior and ashes, removed the bulk of the 
impurities of the water, and filtered into 
the second filtering box. In the center of 
this box was a smaller one B, in which 
excelsior was packed and from which a 
drain pipe extended to the reservoir C, 
which was made with a natural-earth bot- 


tom, but boarded up on the ends and 
sides. From the reservoir C the water 
seeps through the ground to the well D, 
from which it is pumped throughout the 
factory and also used for boiler feed. 

The engineer, in telling of the results 
obtained by this method of filtering the 
almost ink-black water of the canal, 
stated that the boilers, before the filter 
system was put in operation, would foam 
in from two to three days after being 
washed out, but after washing out foam- 
ing did not occur, and it is not necessary 
to wash a boiler oftener than once in six 
or seven weeks, making not only a saving 
in the labor for washing boilers and coal 
consumption for raising steam from a 
cold boiler, but also saving the cost of 
feed water for the boilers, as well as con- 
siderable water used throughout the man- 
ufacturing plant. 








The mining and metallurgical industry 
of Illinois in 1907 represented an output 
valued at over $150,000,000. The gen- 
eral public is, however, so accustomed to 
consider Illinois as an agricultural State 
that it does not realize that she ranks 
third among the States of the United 
States in the amount of her mineral and 
metallurgical output, being surpassed in 


this respect only by Pennsylvania and 
Ohio. 
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High and Low Water Alarms for Boilers 


Descriptions of Various Types of Those Now in Use, Giving 
Practical Suggestions for Their Location and Connection 











As a general rule, to which there are 
very few exceptions, a fireman who has 
always used plain water columns objects 
to the introduction of high- and low-water 
alarms in his plant, and does not desire 
a situation in another plant where failure 
to maintain a safe and economical water 
level is exposed without delay. Of course 
he claims that these safeguards are not 
necessary, as he will keep just the right 
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quantity of water on hand at all times, 
but if this is done, the alarms are never 
brought into service, hence there can be 
no legitimate objection to them. 

My plant is equipped with five water 
columns, including a high- and low-water 
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alarm on each, and the result of my ex- 
perience with new firemen is that every 
one of them causes these whistles to blow 
on account of failure to maintain a 
proper water level in each boiler; but 
as soon as they become fully convinced 
by experience, and not by verbal instruc- 
tion, that inattention to business will sure- 
ly be exposed, there is no further trouble 
along this line. For illustration, with five 
columns in use, giving ten chances con- 
stantly for whistles to blow, my present 
fireman does not let an alarm sound more 
than once a month on an average, unless 
there is a good reason for it. The water 
supply is not always fully under his con- 
trol, because returns from two heating 
systems are fed into the boilers and when 
water comes from these sources faster 
than it can be used, it must go to the 
sewer direct, or be pumped into the boilers 
until one or more alarms are given for 
high water, making it necessary to blow 
some of it into the sewer. This seldom 
happens except when the plant is started 
in the morning. 

The service in which this plant is used 
varies greatly, hence all of the boilers are 
seldom required for a whole day. When 
the fire under one of them is banked, it 
is necessary to leave the feed valve open 
until the furnace and combustion cham- 
ber cool more or less, as otherwise the 
low-water alarm would sound, on account 
of the continued evaporation due to this 
stored and liberated heat. After this has 
ceased, the water level slowly rises and 
unless the feed is shut off, the high-water 
alarm whistle will blow. This appears to 
be unnecessary and it probably is, but in- 
asmuch as the fire is banked, less at- 
tention is given to the water level until 
high water causes an alarm to be given 
a few times and the engineer is called on 
to blow down the boiler; then there is 
no more trouble from this cause. The 
fireman is not allowed to open a blowoff 
valve. If he were he would take less 
pride in regulating tu2 feed, because he 
could correct his mistake without report- 
ing it to the engineer in charge. 

Fig. 1 illustrates a water column fitted 
with an oblong float carrying a vertical 
rod which passes through a whistle-valve 
lever. This rod is fitted with two collars 
which can be fastened in any desired po- 
sition by set screws. The _ illustration 
shows the float under normal conditions 
with about two gages of water in the 
column. The weight of the lever and 











valve, also the steam pressure acting on 
the latter, prevents the whistle from blow- 
ing. If the water level is raised, carrying 
the float upward until the lower collar 
strikes the lever and raises it, the short 
end rests on a fulcrum at A and the 
valve is opened, admitting steam to the 
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whistle. If the water level falls from its 
present position, thus lowering the float 
until the upper collar strikes the lever, 
the fulcrum is then secured at B and 
the valve is opened as before. 

Fig. 2 is fitted with one oblong float 














a: ah ae “Yo oe on 











m its 

float 
lever, 
- and 


float 


January 4, 1910. 


and two levers which operate as follows: 
A tube passes lengthwise through the 
float and is neatly brazed therein at both 
ends. The long vertical rod is a loose 
fit in this tube, hence under normal con- 
ditions the float takes the position shown; 
but if it falls low enough to approach 
the danger line, the float slides down on 
the rod until it strikes the nuts near the 
end. This depresses the lower lever and 
blows the whistle. When the water level 
is raised too high, the float slides up until 
it strikes a curved extension of the upper 
lever which blows the whistle. 
Observation of the operation of many 
plants shows that there are at least two 
different ways of regulating the feed wa- 
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ter of boilers equipped with high- and 
low-water alarms, as follows: One is to 
pump in enough to cause the high-water 
alarm to blow, then shut off the supply 
until the low-water alarm calls attention 
to the condition of affairs. The feed is 
turned on and the operation repeated. 
Where this plan is adopted there is danger 
of wrecking the engine and burning the 
boilers every day, *or if either alarm fails 
to work properly when a fireman or water 
tender is simply waiting for it to blow 
without paying attention to the gage cocks 
or the gage glass, an accident is sure to 
happen in that plant sooner or later. Such 
men are not worried by the almost con- 
tinuous blowing of one or more whistles, 
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although every blast gives warning of 
danger, and their apparent indifference is 
evidence of carelessness or ignorance, or 
possibly a combination of both of these 
unfortunate qualifications. These remarks 
do not apply to those boilers which hold 
so little water that the water level varies 
rapidly, nor to those firemen and water 
tenders who are zealous in the discharge 
of their duties, but find it impossible 
totally to prevent the sounding of alarms. 
There is a vast difference between these 
two classes. 

For illustration, take a certain case 
where a water-tube boiler is fitted with a 
gage glass about 18 inches long. If this 
is filled to the top and the pump stopped, 
iz will go down to the bottom in three 
minutes. The boiler feed must be regu- 
lated by hand, while one man does the 
firing, cares for the engine, etc. In such 
a case it is very difficult properly to con- 
trol the water level, therefore if a whistle 
is heard occasionally there is a good rea- 
son for it. 

The other plan is to keep the water 
level in each boiler central between the 
higher and lower safe limits, or as near 
to this desirable point as possible. Where 
an alarm does sound on account of con- 
ditions that a fireman or water tender 
cannot control, if he has right ideas upon 
the subject he shows by earnest efforts to 
correct the evil that he is not satisfied 
with such results and will endeavor to 
secure improvements. 

Members of the indifferent class never 
remove or muffle a whistle in order to 
prevent detection of their inefficient ser- 
vice, because it does not cause them 
anxiety, but when a competent and con- 
scientious engineer in charge of one or 
more boilers finds that he must work 
under conditions which make it imprac- 
ticable for him to maintain the water 
level in each to his satisfaction, he has 
been known to fix the whistles so that 
they will give warning in the boiler room, 
but will not blow loud enough to annoy 
the entire neighborhood, and this action 
is fully justified for given conditions. 

Fig. 3 is fitted with a steel float coated 
with copper to prevent corrosion. It is 
protected from contact with the rough 
casting by a cage, only a portion of which 
is shown in the illustration, but the prin- 
ciple involved is clearly presented. When 
the water level is raised higher than it 
ought to be, the short end of the lever is 
supported by contact with a lug at A, 
which action opens the whistle valve. If 
the feed water is shut off and the water 
level falls below the first gage cock, the 
float carries the long end of this lever 
downward until contact is secured at B, 
thus opening the whistle valve and giving 
an alarm. 

Fig. 4 illustrates a water column fit- 
ted with two oblong floats, each one op- 
erating a separate valve, but both of them 
admit steam to one whistle. While the 
water level is kept below the upper float 
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it keeps the valve shut, but when the 
float is raised by water it blows the 
whistle. Lowering the water level to its 
proper place closes this valve and if it is 
further lowered until the lower float is no 
longer supported by it, the other valve is 
opened and the whistle blows again. 

It is claimed by some engineers that a 
water column containing a high-water 
alarm, also one for giving warning when 
the water is getting low, is a dangerous 
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appliance for the following reasons: When 
the fireman of a plant hears an alarm 
whistle blowing, he may assume that there 
is too much water in that boiler and pro- 
ceed to open the blowoff valve, which is 
seldom or never located where he can do 
this and watch the glass water gage at 
the same time. After waiting a reason- 
able time and finding that the whistle con- 
tinues to blow, he closes the blowoff valve 
and walks around te the front. There is 
no water in the glass and he does not 
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know how low it is, as it is below the 
first gage cock. He proceeds to restore a 
proper water level and the incident is 
closed, without damage to the boiler, al- 
though it might have resulted in over- 
heated tubes or flues, if the water level 
had not been raised promptly. 

While such a statement concerning the 
possible action of a fireman seems almost 
incredible, still it is not a fancy sketch, 
and as it is based on facts it demands 






































careful consideration. However, the re- 
sult is that more intelligence and com- 
monsense should be used in operating 
steam boilers, rather than to reduce the 
number of automatic safety appliances 
now in use. If the fireman is not al- 
lowed to open the blowoff valves, but is 
obliged to report to the engineer when- 
ever his alarm whistles blow, it compels 
the latter to verify the report of the 
former, and there is little danger of both 
making the same mistake at one time. 
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In cases where only one man is em- 
ployed, and he acts as both fireman and 
engineer, he should be competent to tell 
whether the water level is too high or too 
low, and if he is not, then it is in order to 
secure a more intelligent engineer with- 
out delay. 

The idea of dispensing with high-water 
alarms is at least partly due to failure 
to appreciate the disadvantages of running 
without them. There are many boilers 
in use in which the engineer does not al- 
low three gages of water while the en- 
gine is at work, because he would get 
too much water into the cylinder for 
safety. If high water in some boilers 
causes an excessive amount of moisture 
to be carried out with the steam, is it not 
safe to assume that even where enough 
does not go over to cause pounding in 
the cylinder, yet more is constantly thrown 
out than would be if less than two gages 
were the rule rather than the exception ? 
Dry steam is more valuable for use in 
an engine than an equal weight of water 
and steam, hence it naturally follows that 
a high-water alarm will prevent waste 
of pure water, give more steam for a 
given weight of coal burned, and supply 
steam that is more valuable when a stated 
volume is considered. 

If these results are secured in 99 per 
cent. of the boilers that are equipped with 
these devices, and with 1 per cent. there 
is danger of a stupid fireman blowing 
down when he ought not to, the only re- 
sult of which is loss of a small amount of 
water and heat, is it not a businesslike 
proposition to risk the latter to secure the 
former ? 

The result of my experience for the 
past 15 years is that high- and low-water 
alarms need considerable attention in 
order to insure prompt action. Floats 
fill with water, small screws are lost, 
joints corrode and do not respond quickly, 
and it is not always convenient to make 
repairs when they are needed. Owing to 
existing conditions the labor cost of these 
repairs is paid by myself, yet when every- 
thing is considered, these appliances are 
worth much more than they cost, hence 
I continue to use them with satisfaction. 
When taking these columns down after 
shutting off steam and water by suitable 
valves in the connections, I sometimes 
wonder if those engineers who object 
to the use of valves here, maintain their 
high- and low-water alarms in good order 
at all times, and if so, how do they 
manage to lay off a boiler, whenever one 
of these appliances needs repairs, without 
disabling the plant and causing it to be 
shut down? If they use only plain col- 
umns without devices to give alarms, 
their opinions concerning the use of 
valves are of little value, because the re- 
quirements in such cases are less than 
for a well-equipped plant. 

As there are several wrong ways to 
connect a water column with high- and 
low-water alarms to a boiler, the follow- 
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ing suggestions if put into practice will 
enable the inexperienced engineer to 
avoid dangerous mistakes along this line: 

Examine the boiler and compare it 
with the column in order to decide on the 
proper hight for it. There should be 
at least 3 inches of water over the tubes 
in an ordinary tubular boiler, when it 
first appears in the gage glass. Having 
adopted this as a safe rule, and assuming 
that the water must be still deeper when 
the low-water alarm ceases to blow, apply 
it to any other boiler that is to be used. 
Having decided the hight, proceed to 
make the top connection into the steam 
space. 

Do not connect this into any other pipe, 
nor connect another pipe into it, except 
for a steam gage, as there is no outlet 
to such a connection. Arrange this pipe 
so that every inch of it will drain either 
into the column, or into the boiler. Do 
not have a pocket at any point, caused 
by either a bent pipe, a globe valve, or 
the use of too many fittings. Arrange the 
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lower connection so that water from the 
column will drain through every inch of 
the pipe back into the boiler. 

Do not tap this pipe into the lower part 
of the shell, where scale and sediment 
can fall into it, but put it through the 
front head several inches from the shell. 
It is not absolutely necessary that both 
top and bottom connections shall be of 
the same size, but uniformity in this re- 
spect gives the whole job a good appear- 


ance. Use not less than 1-inch pipe for 
small boilers, and 1'%-inch for larger 
sizes. Brass pipe is suitable for this 


work, but if it is not available, select the 
extra-strong wrought-iron kind, because 
it is safe and durable. 

For steam-heating plants where water 
resulting from condensation is fed back 
into the boilers, the lower connection may 
be made directly into the sediment cham- 
ber, as it makes a good-looking job, and 
usually saves one or more ells. If the 
hole is not large enough to take the pipe 
mentioned, it may be reamed out and 
properly tapped, provided there is iron 
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enough at this point to make it perfectly 
safe. Where comparatively impure water 
must be used, and the condensation is not 
returned, the lower connection should be 
made into the side, and a drip pipe put 
on the sediment chamber. 

No alarm is used in connection with 
Fig. 5, but it indicates the hight of water 
at all times in the steam boiler to which 
it is attached. A copper float, which js 
filled with compressed air in order to 
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Fig. 6 is another water gage which 
appears like a steam gage and the water 
level is indicated by a hand or pointer. 
In this case, however, there is no me- 
chanical connection between the float on 
the surface of the water in the boiler and 
this pointer, as magnetism is the agent 
employed for this purpose. Fig. 7 shows 
the float attached to a stem bent at right 
angles which carries the magnetized arms 
at the right hand, one of which is a posi- 
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sure from forcing water into it, rests 
upon the surface of solid water, not being 
affected by foaming or priming. This 
float is in a detached chamber, resembling 
a water column, in direct communication 
with the boiler, thus giving the same wa- 
ter level in both. By means of a stem 
Which passes up through a steam-tight 
frictionless joint and connects with a light 
lever or pointer, the hight of water is 
read the same as the pressure of steam 
On an ordinary gage. 


gage is shown in section, giving a side 
view of the needle or pointer on the out- 
side. The stem, which is made of brass, 
moves freely, as there is no stuffing box 
to cause friction. There are 6 degrees 
indicated on the dial, Fig. 6, and as each 
degree represents a rise or fall of 2 inches 
of the float, the complete gage indicates 
a maximum difference in the water level 
of 12 inches. The theory of such a water 
gage is correct, and it will work perfectly 
as long as the float remains in perfect 
order, with the magnetized arms fully 
charged, thus duly attracting the needle. 


Fig. 8 illustrates another magnetic wa- 
ter gage, but it has a float and straight 
vertical stem entirely within the boiler, 
hence there is no stuffing box or other 
joint to be kept steam-tight and thus 
cause friction that will interfere with the 
free operation of the device. The upper 
end of this stem is a magnet, hence it 
attracts the pointer and the true water 
is seen at a glance. 


Fig. 9 illustrates a device for trans- 
mitting the reading of an ordinary water 
gage, located on a high vertical boiler 
down to a hight of, say, 6 feet above the 
boiler-room floor, thus enabling the fire- 
man to note his water level at a glance, 
without depending on what he apparently 
sees at a distance of 20 feet more or less. 
When viewed at this distance the result- 
ing angle causes the water level as in- 
dicated by the glass to appear higher than 
it really is; hence if the fireman fails to 
take this into acount he may conclude 
that he has 1% gages of water when 
really his low-water alarm is about to 
blow. With a water gage at or very near 
the hight of the fireman, he sees the in- 
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dicator in its proper relation to the boiler 
and regulates the feed water accordingly. 

This desirable result is secured by con- 
necting another water column to the reg- 
ular combination, as shown in the illus- 
tration, by 1!4-inch nipples. This col- 
umn has no water gage nor trycocks, but 
it \contains a copper float which is par- 
tially submerged to a uniform depth at 
all times. A 3/4-inch pipe is attached to 
the bottom of the auxiliary column and 
extends downward, as required. Its lower 
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end is connected into an ordinary water 
gage, the lower connection of which is 
fitted with a pet cock for blowing out 
sediment, as this gage and the pipe are 
constantly full of water. An aluminum 
rod is attached to the float, and the end 
of it is painted red that it may be easily 
seen. It occupies the same relative posi- 
tion in the auxiliary water-gage glass that 
the true water level maintains in the up- 
per glass, hence is a reliable indicator of 
the amount of water in the boiler. 
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One of the latest types of mechanical- 
control electric elevator engines made by 
the Otis Company, and the one that is 
generally installed at the present time, is 


shown in Fig. 75. The principal differ-. 


ence in the machine proper between this 
design and the one described in the pre- 
ceding article is in the brake, which is of 
the magnetic type. In the control ap- 
paratus there is a greater difference, as 


that they must be made decidedly sub- 
stantial to endure, and the construction 
must be such that every part can be 
easily reached whenever necessary. It 
is for these reasons that the control ap- 
paratus in this type is more spread out 
than in the earlier design. The reversing 
switch is located in Fig. 75 directly above 
the stop-motion mechanism, the object of 
so placing it being that it might be where 
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can be clearly seen from the illustration. 
The reversing switch and the other parts 
of the controller are not contained with- 
in a single box, but if they were the box 
would be of much larger size than the 
one used with the earlier type of ma- 
chine. When electric elevators first came 
into use all the controlling switches were 
made much smaller than at the present 
time, but experience has shown that the 
wear these parts are subjected to is such 


it could be actuated by the stop motion 
to stop the car at the upper and lower 
limits of travel. The remainder of the 
controlling apparatus could be placed in 
any convenient location, but for the sake 
of compactness it is mounted on top of 
the motor. 

The slack cable stop used with this ma- 
chine is of the electric type and is placed 
under the drum, so as to be actuated 
whenever the ropes sag through becom- 


ing slack. The position of the slack cable 
bar is seen in the line drawing, Fig. 76, 
which is an elevation of the machine 
taken from the motor end. The slack- 
cable switch is shown in the closed po- 
sition at E, and is of the same design as 
the one that was shown in Fig. 64*. The 


«stop-motion mechanism is mounted upon 


the end of the drum shaft S, and the 
operating sheave is secured to its outer 
end; neither part is rigidly secured to the 
shaft, but is carried around when the 
traveling nut reaches either one of the 
stationary nuts, in the manner already 
fully explained in connection with the 
early type of elevator machine. In Fig. 
76 the stop motion is not shown but its 
construction can be fully understood from 
Fig. 77. In this drawing it will be seen 
that the operating sheave A is bolted to 
the end of the stop motion frame B and 
that the latter is held from running off 
the shaft S by the stop nut N’. The end 
of the shaft S projects through the outer 
end of the frame B, so as to give the 
latter support and keep it in the central 
position, but the frame can revolve freely 
on the shaft S. As is shown in Fig. 75, 
the operating sheave is cast with an en- 
largement of the rim at the point that 
rests at the bottom when the stop motion 
is. in the running position, this construc- 
tion being used so that the weight in ad- 
dition to the friction of the apparatus 
may act to hold the frame B from being 
turned around by the friction between it 
and the shaft. When the traveling nut NV 
strikes the nut N’ at the inner end, or the 
nut N” at the outer end, of the frame 
RB, the stop motion will be rotated, be- 
cause the latter nuts are both rigidly se- 
cured to the shaft S. As soon as_ the 
frame B rotates, it will turn the shaft B” 
since the gear B’ is in mesh with the gear 
on the inner end of the frame B. The 
shaft B” carries on its outer end a disk C 
that opens the reversing switch when 
moved by the stop motion in the manner 
just explained, and stops the elevator. 
The construction of the _ reversing 
switch, and the way in which it is oper- 
ated by the rotation of the stop motion 
frame B can be made clear by reference 
to Figs. 77, 78 and 79. Fig. 79 is a 





*Page 998; issue of December 14. 
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photographic view of the complete switch, 
and on it the various parts are marked 
the same as in the other illustrations for 
convenience in cross reference. The 
operator in the car controls the move- 
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the car downward it is rotated in the op- 
posite direction; to stop, the sheave is 
rotated back to the central position. 
Whenever the stop motion comes into ac- 
tion at either end of the car travel it 
rotates the sheave in the direction that 
it would be rotated by the operator, if he 
desired to stop the car; in both cases the 
movement is effected through the rotation 
of the stop-motion frame B. When this 
frame is rotated, the shaft B” is rotated, 








x) 
J 



































AA D 















































ls 



































— y Sy Power 
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Fic. 77. REVERSING SWiTCH AND Stop MorTIoNn 


ment of the switch by rotating the opera- 
ting sheave A either by the direct pull 
of a hand rope or through a “running 
Tope” rig which will be explained later. 
To start the car upward the switch sheave 
is rotated in one direction, and to start 


and the stud C”, carried by the disk C, 
runs a groove in the disk D on the shaft 
D’ and thereby this shaft is turned. Upon 
this shaft there are four cams marked /7/, 
II, III, IV, and these act to close switch 
levers that connect the motor circuits and 
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the main line in the proper order to give 
the direction of car travel corresponding 
with the direction in which the sheave A 
may have been turned. The two cams 
III and IV operate contact levers that 
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SWITCH 


constitute the reversing switch proper, 
the other two cams move switches that 
close the main circuit, and also make the 
proper connections with the motor, the 
brake and the controller-switch magnets. 
These several connections will be fully 
explained in describing the wiring dia- 
gram. 

The way in which the cams on the shaft 
D' move the switch levers can be un- 
derstood from the end view in Fig. 77, 
where the cam JJ] is shown in full out- 
line and the cam JV occupies the upper 
half of the circle. Both these cams are 
of the same shape but are set on the 
shaft diametrically opposite; therefore, 
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if the shaft is rotated clockwise, the cam 
Ilf will permit the lever F to be drawn 
to the left by the spring H so as to close 
the contacts J and J’; at the same time 
the cam IV, which is just back of the 
cam I/II, will permit another spring H to 
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draw its lever E to the right so as to close 
its contacts J and J’. If the shaft D’ 
were turned in the opposite direction the 
switches would be closed in the opposite 
order; that is, the switch E opposite the 
cam III and the switch F opposite the 
cam IV would be closed. The cams / 
and J] are made so that when rotated in 
either direction they permit both the 
switch levers opposite them to be closed, 
but one cam is made so that the switches 
it controls are closed sooner than the 
other two. 

The way in which the rotation of the 
shaft B” acts through the disk C and the 
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stud C’ to rotate the shaft D’ is shown in 
Fig. 78. When the disk C is in the po- 
sition in which it is shown the rim C” 
fits in the curved surface of the disk D 
and prevents the latter from moving. 
When the disk C is rotated far enough, 
the rim C” passes out of engagement with 
the disk D and at the same instant the 
stud C’ enters one of the grooves / and 
as C rotates, D is carried around. For 
each revolution of the disk C the disk D 
is rotated one step. As the distance in 
which an elevator can be stopped in- 
creases with the car speed, it is necessary 
to arrange the stop motion so that the 
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reversing switches may be operated while 
the shaft S is rotating through the proper 
angular distance, and this is accomplished 
by varying the relative sizes of the gears 
B and B’. For a low speed the diameter 
of B’ is reduced and for high speed it 
is increased; in the first case a smaller 
rotation of the shaft S will operate the 
switches than will be required in the sec- 
ond case. The current is carried to the 
switch-lever contacts by the cables M. 
The contacts on the ends of the levers are 
insulated and are made of brass. The 
contacts J’ are made of carbon and are 
held on an insulating base K’. 








Relays in 


Distribution Systems 











In these days a good many power-plant 
operations are performed by automatic 
appliances which were formerly taken 
care of by the men operating the system. 
Now protective apparatus and automatic 
appliances have been brought to a point 
where a switchboard is almost entirely 
automatic. Among the most important 
automatic devices are those for relieving 
a system of heavy short-circuits or dan- 
gerous overloads. On low-potential sys- 
tems of moderate maximum load, the 
familiar automatic circuit-breaker, oper- 
ated by a magnet, is used. In larger 
plants, however, generating alternating 
current, the safety circuit-breaker is 
operated by a separate primary device 
known as a relay, the several types of 
which are explained in this article. 

There are two principal types of relay, 
the overload relay and the reverse-cur- 
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immediate and instantaneous opening of 
a circuit when the load goes beyond a 
certain predetermined point, this type of 
relay is used. It must operate surely and 
positively, without any hesitancy, and the 
time taken for operation must be just as 
short as possible. The means of accom- 
‘plishing this usually consists of a sole- 
noid arranged to close a pair of contacts 
which complete the magnetizing circuit 
of the actual circuit-breaker, as illus- 
trated diagrammatically in Fig. 1. In al- 
ternating-current plants the relays are 
supplied with current through small 
transformers, which permits the relay to 
be made small and compact, and the use 
of the same winding for all capacities. 
The secondary windings of these trans- 
formers are usually designed for a full- 
load current of five amperes, except in spe- 
cial cases, and the relay solenoid is de- 








setting the plunger to move at the desired 
current flow. 

Referring to the diagram of connec- 
tions in Fig. 1, the operation of the relay 
is as follows: Supposing, for example, 
that the greatest allowable current in the 
alternating-current circuit is 250 amperes, 
the ratio of the relay transformer will 
be 250 to 5; therefore, with 250 amperes 
flowing in the main circuit, the current in 
the secondary circuit of the transformer 
and the relay coil will be 5 amperes. The 
plunger must then be set so it will pull 
up and close the contacts when the cur- 
rent through the solenoid becomes a frac- 
tion greater than 5 amperes—say 5.1 
amperes, for example. Under these con- 
ditions, if the current in the main circuit 
should increase to 255 amperes, the relay 
current will be 5.1 amperes, and the 
plunger will be lifted, closing the direct- 
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rent relay. Each of these two may be 
divided into three classes, namely: In- 
stantaneous, time-element and _ inverse- 
time-element. 


INSTANTANEOUS OVERLOAD RELAY 
When it is desired to provide for the 


CONNECTIONS OF SIMPLE GVERLOAD RELAY 
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signed to operate at that current, or what- 
ever the full-load current of the trans- 
former is. The relay is constructed so 
that the position of the plunger can be 
altered, and thereby made to operate at 
different strengths of current in the sole- 
noid. A graduated scale is provided for 


Fic. 2. CONNECTIONS OF OVERLOAD RELAY WITH TIME-LIMIT RELAY 


current circuit through the circuit-breaker 
magnet coil, and causing it to open the 
oil switch in the main circuit. This stops 
the current in the small transformer, and 
the relay plunger falls back into the 
“open” position, ready for the next time 
it may be called upon. The oil switch 
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‘emains open until closed again by the 
switchboard man. 
This is the simplest form of overload 
elay. It will be evident that even when 
load on the main circuit is only 50 
nperes, a short-circuit lasting for only a 
few seconds will operate the relay and 
epen the circuit. In order to get rid of 


this disadvantage the overload relay with 


an adjustable time element has t_en de- 
vised. 


TIME-ELEMENT OVERLOAD RELAY 
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connection with a separate re- 
tarding relay. The overload relay is 
arranged to close the operating circuit 
of the time-element relay, which in turn 
closes the tripping circuit of the oil 
switch. The overload relay is built on 
the principle already described, except 
that the contacts are much lighter in con- 
struction, because only the operating cur- 
rent for the time-element relay passes 
through them. In the Westinghouse over- 
load relay the plunger, instead of being 
pulled up, as represented in the diagram, 
Fig. 2, is pulled down against the action 


used in 
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type, because it is not self-contained. 
It has the great advantage, however, of 


operating at the time interval for which 
it is set, regardless of the degree of 
overload, as just explained. 

As mentioned in the beginning, some 
time-element relays have a time limit that 
is longer for slight overloads than for 
heavy overloads. That type is known as 
the 


INVERSE TIME-ELEMENT OVERLOAD RELAY 


As the name implies, the time element 
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load relay fitted with a contrivance which 
will delay its operation. The time-ele- 
ment attachment is such that the relay 
will not be operated by momentary ex- 
cessive overloads or short-circuits, but 
will, nevertheless, be ready to operate 
if the overload lasts longer than a certain 
set time. This can be accomplished in 
two ways, either by making the overload 
relay with an attachment for delaying 
the action of the solenoid, or by adding 
a second relay to give the time-element 
feature. The relay manufactured by the 
General Electric Company will serve as 
an example of the first type. In this 
the plunger works against an air 
bellows which has a vent for the escape 
of the air under pressure. The size of 
the opening is adjustable by means of a 
set screw, and in that way allows the re- 
tarding effect of the bellows to be in- 
creased or decreased at will. This de- 
vice gives very excellent results, and by 
entirely removing the set screw, which 
gives the maximum size to the opening, 
the action of the relay can be made al- 
most instantaneous. The maximum delay 
obtainable is about 15 seconds. The 
— ition and connections for this type 
of relay are similar to those for the in- 
Stantaneous relay, shown in Fig. 1, the 
retarded motion of the plunger being the 
Only point of difference. 


lie arrangement with a second or 


relay 


auxiliary relay is well illustrated by the 
apparatus made by the Westinghouse 
Electric and Manufacturing Company, in 
whic} 


an instantaneous overload relay is 
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WITH THREE 


of counterbalancing weights, which can 
be changed to adjust the closing point. 
The time relay consists of a pivoted arm, 
weighted at one end, and carrying a con- 
tact A on the other end, a solenoid, and 
a plunger so arranged that when the sole- 
noid is energized it lifts the plunger and 
allows the contact end of the arm to be 
pulled up by the weight on the other 
end of the arm. The movement of the 
arm is controlled by an air dashpot 
equipped with a graphite plunger. The 
time element is varied by varying the dis- 
tance through which the arm must travel 
before making the contact which closes 
the tripping circuit of the oil switch. 

The operation of the apparatus is sim- 
ilar to that of the simple overload relay. 
When the current in the solenoid of the 
overload relay exceeds that for which it 
t, the plunger is drawn up and: the 
circuit is closed through the solenoid of 
the time-limit relay, which fits its plunger 
immediately and allows the arm to rise 
slowly until the contacts A close; this 
closes the circuit of the oil-switch trip- 
ping magnet. It is to be noticed that in 
this form of relay the time element is 
absolutely independent of the amount or 
character of the overload; if the time 
limit is set for three seconds the relay 
will operate in three seconds, whether 
a heavy short-circuit or a slight overload 
is the cause of its operation. The dis- 
advantages of this type of time-element 
relay are the cost, on account of there 
being two relavs, and the requirement of 
more space for mounting than the bellows 


is se 


OVERLOAD RELAY 


TRANSFORMERS 
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gree of overlo:d which causes it to oper- 
ate. For example, if the inverse time- 
element relay were set to operate in three 
seconds at a load of 250 amperes, the 
relay, with precisely the same setting, 
would operate in, say, two seconds at a 
load of 500 amperes. 

The time-element relay retarded by a 
bellows has this feature incorporated in 
its design, but the results are only par- 
tially successful. I have found from ex- 
perience that when this relay is subjected 
to a very severe short-circuit, instead of 
operating almost instantaneously it has 
a tendency to hang up and not operate as 
quickly as it would under 
overload. 


a less severe 
This is probably due to the ex- 
cessive vibration caused by the heavy 
load and the resulting friction of the 
plunger against the solenoid. Moreover, 
the vent designed to relieve the air pres- 
sure in the bellows is so small that the 
sudden pressure in the bellows cannot be 
relieved quickly enough to allow the relay 
to perform properly. However, the fault- 
iness of its operation is not very difficult 
to overcome. 

So far only single-pole relays have 
been discussed, and it is hardly necessary 
to go into details about relays used for 
the protection of polyphase circuits, as 
the design and operation of a polyphase 
relay is precisely the same as that for a 
single-phase relay, except for the fact 
that the polyphase relay is a two-pole 
apparatus consisting of two single-pole 
relays mounted on the same base with 
contacts so connected that the closing of 
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either one will close the tripping circuit 
of the oil switch. However, it might be 
well to add a word in regard to the cur- 
rent-transformer connections when using 
a polyphase relay. In a two-phase sys- 
tem, two transformers are used, one in 
each division of the circuit, and the con- 
nections are precisely the same as they 


would be for two single-phase circuits. / 


For a three-phase system, two trans- 
formers connected V-fashion may be 
used; but the use of three transformers 
connected in delta with one phase re- 
versed is preferable, for the reason that 
an overload on any of the three phases 
will operate the relay. Fig. 3 shows the 
connections for two current transformers 
and Fig. 4 shows the connections when 
three transformers are used. 


GENERAL APPLICATION 

Overload relays are used on all lines 
where it is desirable that they should be 
protected from severe overloads or short- 
circuits. This applies to outgoing feeders 
from a central generating station, incom- 
ing feeders of a substation and distribut- 
ing feeders from a substation. A plan 
which affords perhaps the best protection 
to a system is to protect the generating- 
station end of a feeder with a time-limit 
relay set for four seconds, the incoming 
substation feeders with an inverse time- 
element relay set for two seconds and 
the distributing feeders leading out from 
the substation with an _ instantaneous 
overload relay. The advantage of this 
plan lies in the fact that, if any disturb- 
ance occurs on a distributing feeder, the 
relay for that feeder alone will operate 
first, as it acts immediately, thereby keep- 
ing the service between the generating 
station and substation intact; but if trou- 
ble should appear which affects the whole 
substation and which is not relieved by 
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REVERSE-CURRENT RELAYS 


Overload relays should never be in- 
stalled on generator circuits, as the 
feeder relays are well capable of reliev- 
ing the generator from any strain. How- 
ever, it is common practice to provide 
protection to the generators and substa- 
tion feeders from “reverse currents” when 


rotary converters are operated. For this 
purpose “reverse-current” relays are 
used. These are relays designed to open 


oil switches when the transfer of power 
is reversed; this reversal of power trans- 
ference is erroneously referred to as. “‘re- 
verse current.” When it occurs it usu- 
ally comes with a rush, as it is commonly 
caused by the failure of some piece of 
apparatus, such as the stoppage of the 
steam supply at the generating station, 
or the breaking down of a prime-mover 
driving a generator operating in parallel 
with others, or the running away of a 
rotary converter. Under these circum- 
stances the relays are generally manufac- 
tured with little or no time element for 
the reason that in almost every case 
quick action is desired. ‘ 

Reverse-current relays are divided into 
two types: the differential solenoid 
type and the wattmeter type. For the 
sake of simplicity the single-pole differ- 
ential relay will be described. The chief 
point of difference between a differential 
reverse-current relay and an overload 
relay lies in the winding of the solenoid. 
The solenoid for the reverse-current type 
is provided with two windings, a series 
or current winding and a shunt or poten- 
tial! winding. The coils are so connected 
that the magnetizing effect of one coil is 
opposed to that of the other, and they are 
preportioned so that under normal con- 
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shunt winding of the solenoid alone is 
powerful enough to operate the relay, 
and, of course, it is impossible for the 
two to operate it when both windings are 
excited normally because the two are con- 
nected in opposition, as described. Now, 
if there is a reversal of power in the line, 
the effect in the series coil will be exactly 
the same as though direct current were 
flewing through it and the current had 
been reversed. The magnetizing effects 
of the two windings are now alike instead 
of opposed, and the combined pull of the 
two will lift the plunger and operate the 
oii switch. 

This type of relay will also operate in 
case of a very great overload or a short- 
circuit, because under such condition the 
magnetizing effect of the series winding 
so far exceeds that of the potential coil as 
to lift the plunger in spite of the opposi- 
tion of the potential coil. From this it 
will be evident that the relay will be oper- 
ated by either the potential or the series 
coil alone, provided that either the volt- 
age or the current exceeds a certain 
value. 

When a relay of this type is installed 
great care must be taken to insure the 
correct relative connections of the cur- 
rent and potential coils, as it is a very 
simple matter to connect the two coils 
of the relay so that the effects are alike 
instead of opposed when the current is 
in the normal direction. This relay is 
also made in a two-pole type, for the 
protection of polyphase circuits, compris- 
ing two single-pole relays mounted on 
one base, with the contacts so connected 
that the closing of either one will trip the 
oil switch. In connecting a_ two-pole 
relay great care must be taken that the 
current and potential for one solenoid 
are taken from the same phase, other- 
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the operation of the distributing-feeder 
relays, the relays at the substation end 
of the main feeders, being set to act in a 
shorter time than those at the generating 
end, will operate, cutting out that sub- 
Station only, and leaving undisturbed any 
other substation that might be connected 
to that feeder. Any serious trouble be- 
tween generating and substations will, 
of course, be taken care of by the relays 
at the generating station. 


CONNECTIONS OF SINGLE-PHASE DIFFERENTIAL 
REVERSE-CURRENT RELAY 
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ditions they neutralize each other to such 
a degree that there is not sufficient mag- 
netism to start the plunger. Both cur- 
rent and _  potentia! transformers are 
necessary for the operation of the relay. 
The conections for it are shown in Fig. 5; 
here the two windings on the relay are 
shown separated, but in the actual sole- 
noid one is wound over the other to con- 
centrate their magnetic effects. Under 
normal conditions neither the series nor 
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wise serious complications may arise. 
Care must also be taken, as with the 
single-pole type, regarding the relative 
connections of the potential and current 
windings. Fig. 6 shows the connections 
for a two-pole relay on a three-phase 
line. This diagram shows two potential 
transformers and three current trans- 
formers, with the current transformers 


connected in delta with one phase re- 
When it is realized that there 


versed. 
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are 36 possible methods of connecting a 
polyphase reverse-current relay, and that 
oniy one of these 36 combinations is 
correct, it is obvious that great care must 
be taken in installing such a relay. It 
may be well to mention the fact that when 
this relay is operated by excessive cur- 
rent with very low potential the operation 
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direction, and while so revolving cannot 
operate the main switch. Fig. 7 illus- 
trates the first type diagrammatically. 
An aluminum disk, mounted on a vertical 
spindle, is located with one edge be- 
tween the poles of an electromagnet and 
the opposite edge between the poles of 
a pair of permanent magnets (only one 
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REVERSE-CURRENT RELAY 


can be caused by either overload or re- 
verse current, as the magnetizing force of 
the potential coil is so small as to be 
negligible and the plunger is lifted by 
the series coil alone, regardless of the 
current direction. 


WATTMETER TYPE OF REVERSE-CURRENT 
RELAY 


If the connections of the series coil of 
an ordinary single-phase recording watt- 
hour meter be reversed, the direction of 
rotation will also be reversed. It is this 
characteristic of the instrument which 
underlies the design of the wattmeter 
type of reverse-current relay, and such 
an instrument fitted up with a contact- 
closing device which would be operated 
by the reversal of rotation would ordi- 
narily be ready for use. But when there 
is no potential on the shunt winding of a 
wattmeter, rotation will cease, and as it 
is desirable to have the relay operate on 
current alone, some changes must be 
made which will cause heavy overloads 
or short-circuits to reverse the direction 
of rotation, even if the potential winding 
should receive no current. This is ac- 
complished by adding a series winding 
to the petential coil. Even with no poten- 
tial, a torque sufficient to reverse the ro- 
tation of the relay will be produced by 
the combined magnetic effect of the two 
current windings. By properly propor- 
tioning the number of turns on the auxil- 
iary current winding, the relative effects 
of normal and reverse currents can be 
made such that the latter will operate the 
relav and the former will not. 

There are two types of wattmeter relay, 
one in which the movement of the revolv- 
ing element is limited to less than a 
Single revolution, and one in which the 
moving element is free, under normal 
Conditions, to revolve continuously in one 


is shown in the diagram). The electro- 
magnet is provided with a main series 
or “current” winding C, a potential wind- 
ing E, and an auxiliary current winding 
D to serve instead of the potential wind- 
ing when there is too little potential to 
excite that winding properly. The spin- 
dle carries a contact finger F, which is 
held away from the stationary contact B, 
and against a stop, not shown, by a spiral 
spring S. As long as circuit conditions 
are normal, the magnetic fields produced 
by the windings C, E and D tend to rotate 
the disk backward—that is, in the same 
direction that the spring S pulls it—but 
the stop prevents motion in that direction. 
Should the direction of energy transmis- 
sion in the main line be reversed, the re- 
action between the windings C and E 
will be reversed and the disk will be 
rotated against the pull of the spring S, 
bringing the finger F against the contact 
B and thereby closing the tripping cir- 
cuit of the oil switch. The tension of 
the spring S is adjustable, and by this 
means the relay can be made to operate 
under any particular load condition, 
within certain limits. Its time element 
may be also varied, within a restricted 
range, by changing the position of the 
contact B so as to reduce or increase 
the distance through which finger F must 
travel in order to close the tripping cir- 
cuit. 

The revolving type of wattmeter relay 
is provided with magnets and a disk arm- 
ature like those just described, but the 
contact-making mechanism is vitally dif- 
ferent. The spindle carries a _ ratchet 
wheel and revolves continuously in one 
direction as long as the circuit conditions 
are normal. When it is revolving thus, 
a pawl mounted on a pivoted contact arm, 
as represented in Fig. 8, trails idly over 
the ratchet teeth. Should the disk re- 
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verse its direction of rotation, the pawl 
would catch the nearest ratchet tooth and 
the motion of the ratchet would force 
the pawl downward, and with it the 
pivoted arm A, bringing the arm against 
the contact pin G and closing the circuit 
of the oil-switch tripping magnet. The 
circles J and K represent the terminals 
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Fic. 8. DIAGRAM OF REVOLVING WATTMETER-TYPE 


REVERSE-CURRENT RELAY 


of this magnet. The time element of the 
relay is adjusted by varying the distance 
between the arm A and the contact pin G, 
the latter being adjustable in the block 
P. The load setting is adjusted by vary- 
ing the tension on the spring N. 

This type of relay is very successful 
and is capable of very fine adjustments, 
as the time and load settings are abso- 
lutely independent of each other. It also 
has the advantage of giving visible evi- 
dence of being in operative condition, 
for as long as there is any current flow- 
ing at all the relay disk will rotate. 

In both types of wattmeter relay it is 
advisable to use an auxiliary relay in 
the tripping circuit, as the contact mech- 
anism is necessarily rather delicate, and 
on account of that fact it is not practic- 
able to have it carry the full tripping 
current. 

The reverse-current relay is essential 
on alternating-current systems to safe- 
guard against trouble arising under the 
following conditions: 

1. Improper field adjustment or de- 
magnetization of the field on one of sev- 
eral generators operating in parallel, in 
which case the machine would produce 
a partial short-circuit on the busbars. 

2. Interruption of power on transmis- 
sion lines supplying rotary converters or 
synchronous motor-generator sets operat- 
ing in parallel with storage batteries or 
other generators, in which event the ma- 
chines in question would tend to run in- 
verted and supply power to the trans- 
mission line. 

3. Short-circuit or ground on one of 
several lines operating in parallel to sup- 
ply power from a generating to a substa- 
tion. With such a state of affairs exist- 
ing, the flow of current would be from the 
busbars instead of to them, without the 
intervention of the relay. 
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THE ELECTROMAGNET 

In the last primer lesson the relation 
between ampere-turns in the exciting coil 
of a magnet and magnetic-flux density in 
the magnetic circuit was explained, but no 
information was given as to how anyone 
ceuld find out just how many ampere- 
turns would be needed to produce a given 
density. This varies so much with differ- 
ent grades of iron and steel that no gen- 
eral rule or formula will fit the case. 
With one kind of iron 100 ampere-turns 
per inch length of magnetic circuit will 
produce 100,000 lines per square inch 
area of core cross-section, while with an- 
other grade exactly the same exciting 
force will produce a density of only 
50,000 lines per square inch. Engineers 
who have to do with the design and man- 
ufacture of electromagnets make careful 
tests of the iron and steel that they use 
and plot the results of these tests in the 
form of a chart for convenience in de- 
signing. This is not a part of an operat- 
ing engineer’s work under any conditions, 
and it is not necessary to go into the 
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The student will find it excellent exercise 
to apply this chart to imaginary electro- 
magnets of the forms and sizes with 
which he is familiar from daily observa- 
tion; the results will not always tally 
with the actual magnets because of the 
differences in the quality of the iron or 
steel and the proportions of the actual 
magnets which affect leakage. 


EXCITATION REQUIRED BY IRON AND STEEL 


Fig. 20 is a chart showing the number 
of ampere-turns per inch of path length 
that must be provided to obtain a given 
density in average grades of annealed 
sheet steel, soft wrought iron and cast 
steel, and a good quality of close- 
grained cast iron. As densities are nearly 
always up in the thousands, it is usually 
convenient to express them in kilolines 
per square inch; kilolines are simply lines 
of force ~ 1000. The diagram also shows 
the ampere-turns per inch length of path 
required for different densities in an air 


path. It will be noticed that there are 
two scales along the bottom of the chart; 
Ampere Turns per Inch 
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is desired to know the excitation required 
to get a given density, find that density 
in the vertical scale, trace horizontally 
into the chart until the line being fol- 
lowed reaches the curve of the material 
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process of testing iron and steel. For 
practice in applying the principles of the 
electromagnet, however, a chart of the 
kind referred to is presented herewith. 


CHART SHOWING RELATION BETWEEN AMPERE-TURNS AND MAGNETIC DENSITY 


the smaller figures refer to the iron and 
steel curves and the larger figures to the 
straight line applying to air paths. 


The use of the chart is simple. If it 


to be used; then trace straight down or 
up from that point to the horizontal scale, 
and the ampere-turns per inch of path 
For example, sup- 


length will be found. 
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pose you wished to produce a density of 
92,000 lines per square inch in a wrought- 
iron core; starting at the point in the 
Icft-hand scale corresponding to 92, trace 
korizontally to the right until you strike 
t-e curve marked “Wrought iron,” and 
then follow a vertical line from that point 
up to the scale at the top of the chart; 
here you will reach a point half-way be- 
tween 24 and 26, and this, of course, 
would be marked 25 if the scale were 
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netism produced in the magnet. The 
most common use of smail magnets is 
that of moving light mechanism of some 
sort. If a piece of soft iron or steel be 
held in front of the poles of an electro- 
magnet, as indicated in Fig. 21, and a 
current be passed through the winding of 
the magnet, the piece of iron will be 
pulled toward the magnet poles. The 
force of this pull will depend on the size 
of the magnet pole face, the quai-tity of 








TABLE 4. 


MAGNETIC PULL 


AT DIFFERENT DENSITIES. 





Maxnetic Pull in 
Density per) Pounds per 
Square Inch Square Inch 


at Point of | of Contact 
Contact. Area. , . 4 
10,000 1.38 0.27 0.34 0.42 
10,500 1.50 | 0.29 | 0.37 0.46 
11,000 1.65 |} 0.32 | 0.41 0.50 
11,500 1.80 | 0.35 | 0.44 0.55 
12,000 2.00 1 0.39 | 0.49 0.61 
12,500 | 2.15 0.42 | 0.53 | 0.66 
13/000 | 2°30 0.45 | 0.57 | 0.70 
13,500 | 2.50 0.49 | 0.62 0.76 
14,000 a7 0.53 | 0.67 0.82 
14,500 | 2.9 0.56 | 0.72 0.89 
15,000 | 3.1 | 0.61 | 0.77 0.95 
15,500 3.3 | 0.64 0.82 1.01 
16,000 3.5 0.68 | 0.87 1.07 
16,500 3.75 0.73 | 0.93 1.15 
17,000 4 0.43 | 0.99 L.22 
17,500 1.25 0.83 | 1.05 iz 
18,000 . OSS 2} 1.38 
18,500 1.75 | 0.93 1.18 1.45 
19,000 5 0.98 1.24 1.53 
19,500 5.23 1.03 LS | 41.61 
20,000 ee 1.08 L.% 1.68 
20,500 o.40 1.i3 1.42 1.76 
21,000 6 oF 1.49 1.84 
21,500 6.35 1.25 1.59 1.96 
22 000 6.7 | 31 1.66 2.05 
22,500 7 1.2 1.74 2.14 
23,000 1.3 1.45 1S] 2.24 
23,500 7.6 1.49 1.SS 2.40 
24,000 7.9 L 55 1.96 2.42 
24,500 8.3 1.63 | 2.06 2.54 
25,000 8.6 1.68 2.13 2.63 
26,000 9.3 1.82 | 2.31 2.85 
27 000 10 1.96 | 2.48 3.06 | 
28.000 10.8 2 12 | 2.68 3.31 
29 000 11.6 2 2a 2 8S 3. ad 
30,000 12.4 2.43 ,.08 s:3 
31,000 13.2 2.59 3.28 1.05 
32,006 14 2.74 3 AS 1.29 
33,000 1d 2.94 me: 1.6 
34,000 16 3.14 >. 97 $4.91] 
35,000 17 ;. 33 i. 22 5.21 
36,000 18 3.53 1.47 5.52 
37,000 19 3.73 L.z2 5.83 
38,000 20 3.92 1.97 6.13 
39,000 21 b.i2 1 S21 6.44 
10.000 23 $.32 5.46 6.75 
41.000 23 1.51 ay ¢ | 7.05 
bk? O00 24.25 1.76 | 6.02 7.44 
43,000 25.5 5 6.33 7.82 
44,000 26.75 5.25 | 6.64 8.2 
15,000 28 5.49 | 6.95 8.59 
46,000 29.3 ee es 7.28 8.99 
47 OOO 30.6 6 7.6 9.38 
48,000 31.9 6.26 | 7.92 9.78 
49,000 33.2 6.52 o.20 10.18 
50,000 34.6 6.79 | 8.59 10.6 
51,000 36.2 4.3 8.92 11.1 
52.009 37.8 7.41 9 25 11.6 











PULL, IN POUNDS PER POLE, EXERTED BY ROUND Cores 


DIAMETER OF POLEFACE, INCH MEASURE. 


























Ms i H B 
0.51 0.61 0.71 0.83 0.95 1.08 
0.55 0.66 0.77 0.90 1.03 ky 
0.61 0.73 0.85 0.99 ae 1.29 
0.66 0.79 0.93 1.08 1. 2-4 1.41 
0.74 O.SS 1.03 1.20 L.3S 1.57 
0.79 0.95 . 2 1.29 1S 1.68 
OSS 1.01 1.19 1.38 i.ds8 1.SO 
0.92 1.10 1.29 | 1.3e 3 Lote 1.96 
1 1.19 a 1.62 1.86 2.12 
1.07 1.28 L.d 1.74 2.00 2.28 
1.15 1.37 1.6 1.86 2.14 2.43 
Ll .22 1.45 1.71 1.oS 2.27 2.59 
1.3 1.54 1.81 2.1 2.41 2.74 
1.39 1.25 1.94 |. 2.25 2.58 2.94 
L.+a 1.76 2:07 | 2.4 2.76 3.14 
1.57 1.87 ye }. bo 2.93 3.a0 
1.67 1.98 2.33 7 3.1 3.53 
1.76 209 2.416 | 85 a .27 3.72 
1.85] 2.2 | 2.59 | 3.45 | 3.92 
1.94 2.32 a: i) 3.62 4.12 
2.04 2.43 2.831 3.2 3.79 1.32 
2.13 2.84 2.98 3.45 3.96 $51 
Z.ae 2.65 3.11 3.6 $14 1.71 
2.34 2.82 >. 51 3.84 1.41 5.02 
2.48 2.96 3.47 | 1.02 1 62 5.26 
2.59 3.09 3.63 ‘1,2 1.83 7.49 
ar 3.22 3.49 1.39 5.03 I.70 
2.82 >. abe? 3.94 Lae >». 24 5.96 
2 93 3.49 1.09 1.75 5.45 6.2 
3.08 3.66 1.3 1.99 5.72 6.51 
3.19 3.8 1.45] 5.13 9.93 6.75 
3.45 1.1 1.82 | 5.59 6.42] 7.3 
3.71 1.41 5.18 6.01 6.90 | 7.85 
{ Var 5.6 | 6.49 7.45 1 8.48 
i.3 5.12 6.01 | 6.97 8 9.11 
1.6 5.47 6.43 | 7.45 8.55 9.73 
1.9 5.83 6.84 ] 7.93 9.11 10.36 
5.19 6.18 7.26 S41 9 66 10.99 
5.56 6.62 roe gy 9.02 10.35 it .7¢ 
5.97 7.06 8.29 9 62 11.038 12.55 
6.3 7.51 S.S81 10.22 11.72 13.35 
6.68 7.95 9.33 10.82 12.42 14.13 
7.05 8.39 9.83 11.42 ia. ta 14.92 
7.42 S.83 if.37 | 12.02 13.8 15.7 
Oe 9.27 10.88 | 12.62 14.49 16.48 
8.16 9.72 11.4 13.22 15.18 7.27 
8.53 10.16 11.92 13.82 15.87 IS.05 
9 10.7 12.57 14.57 16.73 19.04 
9 46 11.25 13.22 Ld .2e 17.6 20 
9.938 11.8 13.87 16.07 18.46 | 21 
10.09 12.35 14.51 16.82 19.32 22 
10.87 12.95 15.18 17.61 20.22 23 
11.35 13.35 13.85 Is.4 a1.i2 24.02 
11.84 14.09 16.53 19.17 +4 25.05 
12.32 14.65 i? ae 19.95 22.91 26.07 
12.84 15.28 17.93 20.8 23 .87 ar .ae 
13.42 1508S 1IS.65 21.6 28.78 28.19 
14 16.48 19.33 2 1 25.69 2g 22 
\ 








divided into units and each one marked. 
This means that 25 ampere-turns must be 
provided for each inch of length in the 
core. In addition to this, excitation must 
be provided for whatever other parts of 
the magnetic circuit there may be, as in- 
dicated in the example already given. 

In order to practise the application of 
the chart to imaginary or actual electro- 
magnets other information is necessary; 
that is, what can be done with the mag- 


flux passing from the pole faces to the 
piece of iron, and the distance between 
the pole faces and the iron strip. It is 
impracticable to find out accurately by 
calculation what the pull will be, but it 
can be estimated roughly. 

If the iron strip were in actual contact 
with the pole faces, as in Fig. 22, and 
the quality of the iron in the magnet core 
and the armature (the piece of iron 
bridging the poles is called an “arma- 
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ture’) were known, the pull could be 
calculated accurately. The pull, meas- 
ured in pounds, when the armature is in 
contact with the pole faces, is equal to 
the area of the pole faces the square 
of the magnetic density at the point of 
contact with the armature 72,134,000. 
Expressing this as a formula, and repre- 
senting the density by B, the area of each 
pole face by A and the pull in pounds 
by F, 
2AB : 


=> 124.0 
7 2+134,000 


For convenience in applying this for- 
mula and the chart of Fig. 20, the accom- 
panying table has been prepared. This 
gives the pull that will be exerted by any 
electromagnet upon an armature in actual 
contact with its pole faces. Suppose, 
for example, the magnet shown in Fig. 21 
were made of good soft wrought iron, 
the cores being 5< inch diameter and 3 
inches long, and the yoke was 9/16 inch 








Armature 


Fic. 22. ARMATURE IN CONTACT WITH 


PCLES 


thick, 13/16 inch wide and 2 inches long 
from center to center of the magnet 
cores; also, that the armature was the 
same size as the yoke, and weighed '% 
pound. What magnetic density would be 
required in the various parts of the cir- 
cuit to enable the armature to hold up a 
weigrt of 16 pounds, and how much 
excitation would the winding and exciting 
current have to provide to maintain that 
density ? 

Referring to Table 4 it will be found 
that a 5<-inch round core will give a pull 
of 8.2 pounds per pole at a density of 
44,000 lines per square inch at the pole 
faces; therefore, the two poles will pull 
16.4 pounds at that density. But the 


. armature weighs '4 pound, and its weight 


must be sustained in addition to the 16 
pounds that it is to hold up; the total 
magnetic pull, therefore, must be 16™% 
pounds, or 8'4 pounds per pole. This is 
just beyond the pull that 44,000 lines 
density will give, and referring again to 
the table it will be found that at a den- 
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sity of 45,000 lines per square inch the 
magnet will hold 8.59 pounds per pole, 
which gives a sufficient margin to be sure 
of getting the 16 pounds of net holding 
power. 

With the armature in contact with the 
poles, the leakage of magnetic flux will 
be so small that it is not worth while to 
consider it, especially in view of the fact 
that the density in the magnet cores and 
armature will be low. It will be practical, 
therefore, to consider that all, the flux 
produced within the coils will pass 
through the yoke and armature. With a 
density of 45,000 at the pole faces, the 
density in the cores will be the same 
and the density in the yoke and armature 
will be practically 

0.307 

—— X 45,000 = 30,000 

0.46 
lines per square inch, the cross-sectional 
area of the yoke and the armature being 
0.46 square inch while that of the core is 
0.207 square inch. The various figures 
for excitation are more easily understood 
in tabular form, thus: 











per Inch 


of Path. 


Length of 
Path. 
Density 
A.T. for Path 
Length 
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6 45,000) 4 
30,000, 3 
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To anyone accustomed to figure mag- 
net .windings this excitation of 36 am- 
pere-turns will be absurdly small, be- 
cause even very small magnets require 
usually several hundred ampere-turns of 
excitation. The explanation is that a 
magnet is ordinarily made to lift its arm- 
ature from a distance, and the moment 
there is an airgap between the armature 
and the pole faces, no matter how small, 
the required ampere-turns go up to an 
astonishing degree. Suppose, for exam- 
ple, that the magnet had to lift the arm- 
ature from a short distance, as indicated 
in Fig. 21, the airgap between the arm- 
ature and the pole faces being \% inch; 
then, even if we assume that there is no 
magnetic leakage, which could not be 
true, and assuming that the average area 
of each airgap was twice the area of the 
pole face, so that the density in the air- 
gap would be 22,500 lines per square 
inch, the ampere-turns required for the 
airgaps would be 7050 per inch of length, 
and as the two gaps are 4 inch in length, 
the ampere-turns required to carry the 
flux across them would be 1763. This 
would carry the total required ampere- 
turns up to 1799, or practically 1800, 
which would be divided equally between 
the two coils, putting 900 ampere-turns 
in each coil. 

However, the lifting power of an elec- 
tromagnet cannot be calculated accurately 
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when the armature is not in contact with 
it, as already explained, because a large 
portion of the flux created in the cores 
leaks from the pole ends back to the 
yoke, and also across from pole to pole, 
without passing through the armature at 
all. The best that can be done with a 
magnet of this form is to assume a leak- 
age of about 50 per cent. of the flux and 
take the density at the face of the arm- 
ature as the criterion of pulling power. 
When the airgap is very small, as in 
the case of a telegraph sounder, or an 
ordinary electric bell, it is not so difficult 
to estimate the pull. 

When it is desired to lift weights of 
considerable magnitude—anything over a 
pound or so—and especially if the load 
is to be lifted an appreciable distance, 


















































Fic. 23. PLUNGER TYPE OF ELECTRO- 
MAGNET 


such as 4 inch or more, magnets of the 
plunger type are employed. Fig. 23 is a 
sketch of this type in a form that is 
widely used. It consists of a short core 
C attached permanently to a yoke Y, fre- 
quently made of flat wrought iron, and 
movable core or plunger P, which fits as 
snugly as practicable in a hole through 
the lower part of the yoke. The dotted 
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lines in Fig. 24 indicate the ‘“‘direction” 
of the magnetic lines of force created 
by the exciting coil when the polarity 
of the fixed core C is “south;” the 
flux divides at the junction of the core 
and the yoke and goes through the yoke 
“in parallel” until it reaches the hole 
through which the plunger P slides; here 
the two divisions of the flux unite and 
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complete the circuit through the plunger 
and airgap. An extension p is provided 
around the hole where the plunger enters 
in order to increase the area of the air- 
gap there and thereby reduce the mag- 
netic density in that gap and, conse- 
quently, the ampere-turns required to 
ferce the flux across to the plunger. It 
makes no difference what polarity is 
given to the cores; the fixed core may 
be “north” and the plunger “south,” or 
the reverse, as the case may be. With 
this sort of a magnet the magnet 
leakage is so small that its effect can be 
disregarded if a slight margin is allowed 
in excess of the calculated excitation. 
This is so because the exciting coil sur- 
rounds the airgap between the pole 
faces, where the greatest leakage would 
otherwise occur. 

With a magnet of the plunger type the 
pull obtainable with a given excitation 
in ampere-turns is greater than with any 
other type, and it is practicable to get a 
much longer range of action than with the 
ordinary horseshoe type or any of its 
modifications, for the same_ reason, 
namely, that the inclosure of the airgap 
by the exciting coil reduces the leakage 
to the smallest possible proportion. 








In 1906 there were 51,000 locomotives 
im service on the railroads of the country, 
which, it is estimated, consumed 90,000,- 
000 tons of fuel at a cost of $170,500,000. 
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A Puzzling Synchronizing Trouble 








In the accompanying sketch is shown the 
pian of connecting the synchronizing cir- 
cuits for three three-phase, 400-volt alter- 
nators, which recently gave rise to a 
peculiar trouble which resulted in a 
severe burn on the hands of the switch- 
board attendant. As will be seen, both 
lamp and synchroscope methods are used. 

For the synchroscope a synchronizing 
bus runs to each of the generator panels, 
leads being run from the bus to the eight- 
point receptacles A, B and C. When the 
fused plug is inserted connection is made 
between the top and bottom synchroniz- 
ing bus (which is also a voltmeter bus) 
directly to the generator leads. 


, Synchroscope 


manner with the plug switches on, the 
other set open. If the plug was removed 
from A or C, the lamps would behave in 
their normal manner. It is, of course, 
understood that plugs were not inserted 
at A and C at the same time, but were 
put in each place as its respective gener- 
ator was being brought up. 

A portable: bank of lamps was hung 
across the main switch, their action being 
the same as the regular lamps. Seeing 
the lamps were worthless as a check on 
the synchroscope it was decided to risk 
the “scope,” which seemed to behave in 
its usual manner. 

In this case generator No. 3 was being 
brought up, the plug being inserted at C. 
When synchronism was indicated the 
main switch was closed and at the same 
instant the plug C blew up causing a 
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DIAGRAM OF WIRING 


To use the synchroscope a plug is in- 
serted in the middle position of A, B or 
C, depending on which generator is to be 
brought in, and at D, which cuts the two 
synchronizing transformers into service. 
To use the lamps, the plugs are inserted 
on two panels, one of which must be in 
service, and the lamps indicate synchron- 
ism of the two armatures instead of arm- 
ature and main bus bars, as is usual in 
the direct-lamp method. 

In synchronizing it is the practice to 
use the synchroscope, using the lamps 
only as a check on the accuracy of the 
former. In the case mentioned it was 
noticed one evening that when the plug 
was inserted at C or A the lamps would 
come up to full candlepower and flicker 
in a most peculiar manner. It was also 
noted that one set would burn in this 


short-circuit across the receptacles, the 
resultant flash of which severely burned 
the hands of the operator, the plug and 
the plug receptacles. 

That the generator was in synchronism 
is proven by the fact that there was not 
the slightest disturbance in the system, 
the recording voltmeter on the direct- 
current side of the rotaries not show- 
ing any unusual variation. The three 
rotaries are operated directly off the 
alternating-current busbars. 

Some loose connections at the recep- 
tacles were found, which, together with 
dust on the back of the board, was ad- 
vanced as a reason for the flash. The 
board was carefully dusted and the dust 
collected in a box and a test made as to 
its conductivity. No deflection of the 
voltmeter could be secured through the 


dust at 1/16-inch distance. The poten- 
tial receptacles are about an inch apart 
and surrounded by an insulating bushing, 
so this seems to preclude the dust theory. 

And if the cause was dust, would not 
the flash have occurred across the back 
of the board instead of the front? Could 
loose contacts have caused the trouble ? 
Would not such rather increase the re- 
sistance, which would tend to prevent 
the current jumping across between the 
receptacles? The actual cause seems to 
have never been discovered, although a 
possible cause may be found in the sur- 
mise that some of the wiring was disar- 
ranged by workmen who had been work- 
ing around the board, although nothing 
was found to indicate this. After new 
receptacles were put in conditions were 
normal and have remained so. 

C. L. GREER. 
Handley, Texas. 








Electric Drive for Factories 








W. J. MacIntire’s article in the Novem- 
ber 16 number on “Electric Drives for 
Factories” brings te mind a change that 
was made from shafting and belt to motor 
drives. With the engine, shafting and 
belts, and it was a well laid out plant, 
we used 400 horsepower—we used only 
300 horsepower with the motor drive. 

There were 30 motors used in the 
plant. All machines that required over 
five horsepower were equipped with in- 
dividual motors, and the machines using 
less than five horsepower were grouped 
tegether and driven from a line shaft 
which was driven by a large motor. 

All of these motors were of the induc- 
tion type and with the results obtained 
I would not think of using any other but 
the induction motor for factory work. 

Mr. MaclIntire says that with the in- 

duction motors the power factor was low 
—from 0.65 to 0.75—for which I can see 
no good reason, as in the above-men- 
tioned plant the power factor was from 
0.85 to 0.95, and this power factor can be 
obtained in any well designed plant. 
_ The motors gave us no trouble at all, 
although sometimes through carelessness 
on the part of the motor tender, he would 
burn out a bearing, which is liable to 
happen on any machine. 

Some of these motors were in very 
dusty and dirty places, and I know that 
no direct-current motor could stand the 
overload, wear and tear and abuse that 
the induction stood in this plant. 

H. H. BERG. 

Orange, N. J. 
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* Everything worth while in the Gas 
Y Enace and Producer Industry will be. 
treated here for the use of practical men ‘| 














A Simple 


Oil Gas 


Producer 








A gas producer that is said to make 
tar-free gas from crude oil was described 
in a paper read recently by A. B. Davis 
before the Ohio Society of Mechanical, 
Electrical and Steam Engineers, and 
some results obtained with the producer 
were presented and discussed. Fig. 1 is 
a sectional view of the nozzle used in 
this producer, which is known as the 
Darling. There are two jets delivering 
into the nozzle proper; oil is fed through 
tie upper jet and regulated by means 
of a needle valve; a sight-feed glass is 
provided at S through which to note the 
rate of feeding. Air is fed in at the lower 
jet A, and the supply is controlled by 
means of the valve at the left. The air 
orifice is 1% inch in diameter, and the 
orifice in the end of the nozzle, through 
which the mixed air and oil pass to the 
furnace, is 3/16 inch in diameter. The 
nozzle delivers the mixture into a retort 
provided with a system of baffles which 
serve to improve the intimacy of mixture 
and to retard the flow so as to obtain 
tie desired temperature for the produc- 
tion of gas. Fig: 2 shows one of these 
retorts with the nozzle attached. 

There are two groups of retorts, one 
above the other. The lower group is 
heated by means of a burner to which 
oil and air are fed by a nozzle exactly 
like those which feed into the retorts. 
This group of retorts delivers into the 
upper group, which is not heated. Fig. 3 
shows a 32-retort producer equipped with 
two burners, one under each lower group 
of eight retorts. The upper retorts de- 
liver the gas into a manifold whence it 
is taken to a holder. 

Concerning the absence of tar in the 
gas produced, Mr. Davis says: 

The remarkable thing about the pro- 
ducer in question is that it can be oper- 
ated without the production of tar, while 
all other processes known to the author, 
preducing gas by the decomposition of 
oil at a high temperature, also produce 
more or less tar, some processes con- 
verting into tar as high as 25 per cent. 
of the total volume of oil fed to the re- 
torts. Carbureted water-gas machines 
convert into tar on an average about 20 
per cent. of the oil used in carbureting 
the gas. Several processes on the mar- 


ket, similar to the one under consider- 
ation, “crack up” the oil in a hot retort 
in the presence of steam and produce 
large amounts of tar. 

The question arises: Why is it pos- 
sible to “crack up” the oil in the presence 
of air at a high temperature without pro- 
ducing tar, while, if steam or inert gases 
be used, tar is produced? We well know 
that oil alone in the retort will produce 
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MIXER AND NOZZLE OF DARLING 
PRODUCER 
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tar, just as in the Pintsch process used to 
make gas for railway cars. This gas may 
be easily made with the apparatus de- 
scribed by shutting off the flow of air 
into the retorts, and then, as in the 
Pintsch process, about 20 per cent. of 
the oil is converted into tar. After a 
careful study of the process, Mr. Davis 
came to the conclusion that the explana- 
tion of the lack of tar in the gas was as 
follows: 

The composition of crude oil may be 
represented by the formula 
H FH Hon 
C—C - C—C—CrnHe2n + 1. 
H HHH 

The oil when heated to a high temper- 
ature shows a tendency to crack up into 
hvdrocarbons of lower molecular weight, 
at the same time producing compounds 
of the olefine type from the paraffins by 
causing the oil to drop two hydrogen 
atoms at one or several points in the 
chain. These olefine compounds may be 
represented by the formula 


CnH2n, 


CnHan + 2, or H 


or 


CH2 = CH—CnH2n +1, 
or 

CH2 = CH—CH2—CH2 CnH2n +1. 

The formation of paraffin oil tar de- 
pends on the polymerization of these high 
olefines which always takes place when 
they are heated to a high temperature. 
The tar may be represented by the gen- 
eral formula 

(CnH2n +1—CH = CHo)xz. 

It may be considered a mixture of 
many compounds, some of which are of 
very high molecular weights, which have 
resulted from the combination of the ole- 
fines—and the compounds forming the 
tar may be considered to have one or 
several benzene rings in the molecule and 
with one or many side chains on each 
ring, perhaps intricately connected among 
themselves. It has been found that the 
decomposition of the oil into gas takes 
place best at a temperature of 1350 to 
1470 degrees Fahrenheit. The reactions 
which take place in the presence of oxy- 
gen may be expressed as below: 


H ye Ot » 


HH 
H- e% C=0T C C= C OK. 
H/H HIH HIH At en 








in which the oxygen causes the paraffin 
chain to lose two atoms of hydrogen at 
several points in the chain, causing 
double linkages, which are always weak 
spots and which allow the chain to be 
broken up by the heat into ethylene, 
acetylene and hydrogen, principally. The 
presence of oxygen in the retort seems 
to cause the olefines formed to break 
down at once into permanent gases with- 
out allowing them to polymerize to tar. 
As proof that such a reaction takes place, 
the analysis of the gas shows that it con- 
tains 25 to 30 per cent. of gases soluble 
in bromine water, these being largely 
ethylene and acetylene. Furthermore, 
the gas contains very little carbon dioxide 
and carbon monoxide, showing that the 
oxygen of the air had combined with the 
hydrogen of the oil to form water, rather 
than combining with the carbon to form 
either carbon dioxide or carbon monoxide 
In order to settle more definitely to th 
author’s satisfaction the merits of th 
conclusions that the oxygen from th: 
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air used prevented the olefines from the 
oil from polymerizing, the problem was 
presented to Dr. J. Bishop Tingle during 
a meeting of the American Chemical 
Society in Detroit this summer, who, after 
some study, expressed the opinion that 
the above conclusion in this matter is 
probably correct. The problem was also 
placed before Dr. William A. Noyes, of 
the Bureau of Standards, who answered 
the author’s letter as follows: 

















Fic. 2. RETORT WITH NozzL—E ATTACHED 

“The explanation which you give for 
the lack of tar in your process is prob- 
ably partly correct. I think also that in 
the original decomposition by heating, 
the free valences of the carbon, which 
under ordinary circumstances caused the 
polymerization, are saturated by oxygen 
or hydroxyl followed by the loss of water 
in such a manner that the resulting 
hydrocarbons do not readily polymerize. 
Just what happens is hard to determine, 
and I do not, for the moment, see any 
very direct method of experimental study 
of the question. The fact is, of course, 
very important technically. From the 
Scientific point of view it is possible that 
there are a great many different factors 
which unite to give the results obtained.” 

A test made of this producer recently 
with Lima “gas” oil gave the following 
results: 


Oil delivered to retorts per hour... 19 gal. 
{nl recovered from scrubber per 

se EE A ee 8.5 gal. 
"1 converted into gas per hour.... 10.5 gal 


ised in burner per hour....... t gal. 
oral oil actually used per hour. . . 14.5 gal. 
\tity of gas made per hour.... 1486 cu.ft. 
ised in retorts per 1000 feet of 

Pen 7.07 gal. 


: Eee Oe } os 9.76 gal. 
H alue of oil per gallon........ 133,000 B.u.t. 
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Heat value of gas per cubic foot... 844.5 B.t.u. 
Heat etticiency of the retorts alone = 844.5 + 
939.8 &K 100 = 89.8 per cent. 
Heat efficiency of complete producer = 844.5 + 
1298 « 100 65.1 per cent. 
Air used per hour, atmospheric- 
Pressure DOS... 2. ok ke ws . 583 cu.ft. 
Pressure of air delivered to nozzles 
De? SGUSTS TACK. 6... 6 cks ec aac ss 35 Ib. 
Air per 100 feet of gas, atmospheric- 
pressure BASIS... ......55%. : 2.3 cu.ft. 


The chemical analysis of the gas pro- 
duced was as follows: 


Per Cent. 

Carbon dioxide. 2.0 
Illuminants soluble in bromine 25.5 
Heavy hydrocarbons 0.5 
Carbon monoxide 1.5 
Methane 35 

Hydrogen 5.5 
Nitrogen a 30 


In April of last year the author spent a 
week at an experimental plant in Cleve- 
land to develop the gas for lighting pur- 
poses as well as power. When a very 
low grade of gas was produced, or even 
gas up to 600 or 700 B.t.u. per cubic 
foot, no tar was produced; but with very 
high candlepower gas considerable tar 
was obtained. Cn all gas engines the gas 
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gravities. Therefore, since this gas is 
twice as heavy, it will flow as 1 to 1.414, 
when compared with gas of a gravity of 
0.5. For this reason and because of the 
large quantity of nitrogen present from 
the air, only the oxygen of which has 
been used, the small and numerous ori- 
fices in a gas-stove burner are not, as a 
rule, large enough to admit the oil gas 
flowing through rapidly enough and have 
to be drilled out about 50 per cent. larger. 
Unless this is done, the flame of a rose 
burner has a marked tendency to blow 
itself out, as any gas will do when fed 
to a burner under too high pressure. This 
difficulty is most easily overcome by 
ordering burners directly from the fac- 
tory, these being drilled for the producer 
gas. In all other appliances on which 
the producer gas has been tried, it either 
works well without change of adjustment, 
or else the appliance can be adjusted 
without change in construction. 

From an engineering standpoint, no 
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Fic. 3. A 32-RETORT DARLING OIL-GAS PropuceR. Capacity, 5500 CusBic FEET 
AN Hour 


works perfectly, and in all types of gas 
lights made for water or coal gas there 
is no difficulty in adjusting the lights so 
that the producer gas gives most excellent 
results. There has been some trouble 
with gas stoves owing to the fact that 
the specific gravity of the producer gas 
is just about the same as air; in some 
cases slightly higher. The specific grav- 
ity of coal gas is only about 0.48, and 
carbureted water gas 0.65, natural gas 
0.55 to 0.6, so that practically all the 
stoves on the market are made to use a 
gas which is about one-half as heavy as 
the oil gas made by this producer. 
According to Bunsen’s law, the rates of 
flow of two gases through an orifice are 
to each other as the square roots of their 


doubt, many improvements can be made 
in the design of the setting of the ap- 
paratus as it stands at present. This is 
usually the case with any apparatus when 
first gotten out. For instance, a steam 
boiler might well be placed on top of the 
setting and the waste heat from the re- 
torts would, no doubt, furnish more than 
enough power to compress the air used. 
Furthermore, preheating the air by waste 
heat, and proper asbestos or mineral- 
wool lining in the setting, would all make 
it much more economical to operate than 
at present. 

Since the gas is made entirely from oil 
it need not be purified, provided the sul- 
phur contents of the oil are as low as 
one-tenth of one per cent. 
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Test of an Otto Suction Gas Producer 








By C. M. Garland and A. P. Kratz 














The method of testing the suction gas 
producer herein described has been used 





*Abstract of a paper read before the Gas 
Power Section of the American Society of 
Mechanical Engineers, December 9, 1909. 



























































by the writers to advantage in tests made 
in the mechanical-engineering laboratory 
of the University of Illinois. The method 
of testing has reduced the labor of run- 
ning such tests to a minimum, and the 
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forms for computation have greatly re- 
duced the labor and tedium of the cal- 
culations. 

The tests at the university were made 
on an Otto suction gas producer rated at 
60 horsepower and 8000 cubic feet of 
gas per hour. The plant as originally 
installed consisted of the producer 4A, 
Fig. 1, the wet scrubber B, the receiver 
C, and a 22-horsepower engine. In order 
to facilitate the testing of the plant the 
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connection to the engine was blanked and 
a Schutte-Koerting steam ejector of 
2,000 cubic feet hourly capacity, inserted 
in the gas main at F, was used to draw 
the gases from the producer and deliver 
them to the wet scrubber G, where the 
steam used by the ejector was condensed. 

The condensed steam and condensing 
water pass out at the overflow M, while 
the gases pass out through the separator 
N and into the drier H, constructed from 
a gas bell or holder, and filled with straw, 
and used to separate the suspended mois- 
ture from the gases before they enter the 
meters J and J. The meters used in our 
tests were of 8000 and 3500 cubic feet 
hourly capacity, respectively, and were 
connected in parallel for capacities 
greater than 8000 cubic feet per hour, 
the larger meter alone being used for 
lower capacities. From the meters the 
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gases were discharged into the atmos- 
phere above the roof of the laboratory. 
A gage box L, adapted to receive thin 
plates with orifices, is used in calibrating 
the meters, by means of air. The meters 
having been blanked from the gas main, 
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Fic. 2. APPARATUS FOR TAKING GAS 
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TABLE 1. TEMPERATURES IN FUEL BED. 
| | | 
| Temp. 3 In. | Temp. a Temp. 3 In. 
from Near | Center, from Far 
Time. | Zone No. |W all, Deg. F i Deg. F. {|W all, Deg. F. 
10:05-10:10 Gam... 5.255. ] 2100 = 2037 2025 
1225-20 ee B0ih. oso aes ss 4 2350 | 2225 2275 
10:43-10:55 @.m........ 3 | 2200 2400 
TABLE 2. FUEL AND WATER DATA. 
FUEL PER HOUR. 
De CT TA ee as ass aed oases, viene WS wie eld yor. wee $20 wd Ge one aha 64.7 Ih 
Combustible Goneumed per BOUL... 6..ss cn ce wes ven ewesieces $1.2 Ib. 
Dry coal per sq.ft. of grate area per hour. .... 2c cccscccsceseess 38.8 Ib. 
Combustime per ea4t. Of @rate AYGA POF ROUT 6s occ ois c soe. See eessa care vae ae 1.7 Ib 
Dry coal mar 60-76. OF TUCT HON POP BOG ks sc cas ce diisawsinraescraezweaves S45 Ib. 
Comistinie Per web. GE Tael PEF DOU. os o<ss sass be 6484 sos waseewes se 27.33 Ib. 
Rate of descent of dry coal through fuel bed per ft. per sq.ft. per hour....... 15.6 Ib. 
Rate of descent of combustible through fuel bed per ft. per sq.ft. per hour 12.4 Ib. 
Ai Se TOLER. TORO GUE OY WORE 5 6a so he ohn c ck cede eS Ci meebo cases e8 Ib. 
Calorific value by oxygen calorimeter per pound dry coal.............-. 13.040) B.t.u. 
Caloritie value by oxygen calorimeter per pound of combustible. ...... 15.700) B.t.u 
VATER. 
Total weit Gf eben. TOG 10 VOPOTCR ovo iio bk 6 es caewawde ee cesaw seas ow 267.8 Ib. 
TORT WOME COE WERTEE TO CO OOOO ok oo 65.066 en KW eA ESE BORE OOS S41.5 Ih 
EER GD ROTI ok os in a Sw a 0 See a6 :eiwis ee ds ow wae dare 267.8 Ib. 
ee aa ere Pee ee ee ee ee ne re eee 51.7 Ib. 
( Be HOR. oceanic ale eins nek is Bie eA NewS ES ce aE eae Se 22.0 tb 
Total welcht of water GeCOMPOSed.. . 2.0 sc ccc ecsisccs cr esssressovesoes ass 2182 il. 
Total weight of water in gas leaving producer............ eee bre eer 24.3 Ib. 
Ratio of water decomposed to water supplied................... 0.639 Th. 
Weight of water decomposed per pound gas generated..............5-565 O.0558 Ib 
Weight of water decomposed per pound of dry cecal fired.......... 0.281 Ib. 
Weight of water decomposed per pound ry combustible consumed...... O.3855 Ib. 
Weight of water decomposed per pound of air supplied...........-- 0.0702 Tb. 
Weight of water supplied per pound of be PEE RU cos Gens oor Cac oness as 0.440 Ib. 
Weight of water supplied per pound of combustible consumed. .......+. 0.556 Ib. 
Weight of water supplied per pound of dry air used. EES ree me er ee 0.1097 Ib. 
Total weight of serubber wi: ales SD hie U2) CO a i OC 22.200 Ib. 
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TABLE GAS ANALYSIS BY VOLUME 
| : ' a —_ 
Sample or’ - —— Per - ent {| Per Cent. }]Per Cent.} Per Cent. | Per Cent. 
No. Time Taken. » | co CH, H, N; B.t.u 
1 6:23- 9:05 a.m. 5.7 0.5 22.9 2.3 i. 2 56.6 134 
2 9:10-10:37 a.m. i. 3 0.2 27.9 1.6 i 55.1 142 
3 10:39-12:25 p.m. 3.3 0.1 28.4 1.5 9.5 a7 .2 137 
4 12:30- 2:52 p.m. 1.3 0.2 26.9 1.8 10.6 56.2 139 
5 3:00- 4:35 p.m.| 3.6 } 0.1 28.6 1.8 9.0 56.9 139 
6 $:40- 6:05 p.m. 4.1 0.3 27.4 1.8 10.0 56.4 138 
Average 4.20 0.23 27.01 1.77 10.40 6.40 138.1 
TABLE 4. ITI BALANCI 
DEBIT B.t.u. 
Total heat Suppued Her Mowe Mey COON cc sxe si5.05 aides sc ase base wanes es 13,040 
Total heat supplied by alr per pound Gry Coal... 6... o..c2 becsuscascoees 1%) 
Total heat supplied in steam per pound dry coal.............-.00000e 385 
RUIN eck a cada ee ak ee eas Rest woe i ik SHRRTA RS eases Sate Deut de ok vty. Ree IR aN eed 13,444 
CREDIT B.t.u Per Cent. 
If at contained AS GeMaiNled HEAT Im GPY BAB iac.c cn cc vie cs cs wewacdeic ce wewse 1,725 12.8 
CG: Came Mik MARNIE 1.0 sus ara ie @ Siw ese sia wine whe Alw Faden Scam eu 262 2.0 
Heat contained in dry gas (heat of combustion)............--....254. 10.240 76.2 
RCA sean Cd a IRE SE Unik Au gwd ths 4h mlin ie Wa ei meh mS el a 618 4.6 
teat lest in SAGintion AMG COMNG@UCTION....... 6 6c. sce sccccscwctdecvanecces noo 4.4 
SEE. BR Aod casei ne ORES RANA SDSS ASAE kan eReN ee eee 13,444 100.0 
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compressed air is admitted at K, and ex- 
panding passes through the meter to be 
calibrated and out at the orifice in L. The 
data for the orifice were taken from the 
paper by R. J. Durley, in Volume 27, 
1906, of the Transactions. After the cali- 
bration, the inlet to the box was blanked 
off. 

The gas generator is of the contained- 
vaporizer type, with grate and without 
charging bell, the specifications stating 
that it is only to be used 12 hours at 
a time. During some of the earlier tests 
the cast-iron vaporizer cracked. A steam 
jet was then used to supply the moisture, 
and the vaporizer was blanked off. The 
weight of steam was measured by passing 
the jet through a calibrated orifice in a 
thin plate. 

Carrying out a test with the ejector 
instead of an engine does not differ 
essentially from the procedure when an 
engine is used, so far as the producer is 
concerned. The test started with the pro- 
ducer full and with a clean fuel bed. The 
coal fired during the test is weighed and 
at the end of the test the fire is cleaned, 
the fuel bed being brought to as near the 


starting condition as possible, and the 
producer filled. In order that the error 


in determining the weight of coal fired 
in this manner might be known, the pro- 
ducer when cold is filled a number of 
times, and the weight of coal required 
is noted. The average of these weights 
is taken to be the true weight of coal 
required to fill the generator, the prob- 
able error in filling with a given weight 
of coal being estimated from these re- 
sults. It is endeavored to make the tests 
of such duration as to bring the probable 
error of filling down to about 2 or 3 per 
cent. 

The temperature of the gas leaving the 
generator is taken at O by means of a 
thermo-couple and a 
Siemens & Halske milivoltmeter, cali- 
brated to read direct in Centigrade de- 
grees. The temperatures in the fuel bed 
are taken with Hoskins thermo-couples 
and galvanometer, the latter reading in 
degrees Fahrenheit. Other temperatures 
are taken with mercury thermometers. 

In a recent test the temperatures in the 
fuel bed were taken in three horizontal 
zones 10 inches, 18 inches and 24 inches, 
respectively, above the grate. In each 
zone readings were taken 3 inches from 
the lining on each side, and in the center 
of the fuel bed. The results are given 
in Table 1. By means of the sampling 
tube illustrated in Fig. 2, samples of gas 
were taken continuously for test by a 
Junker calorimeter and for analysis, by 
Hempel apparatus. The results of the 
analyses are given in Table 3. 

As already stated, the weight of steam 
fed to the producer is determined by the 
use of a calibrated orifice. By means of 
a small laboratory aspirator, a sample 
of the gas leaving the producer is drawn 
successively through a calcium-chloride 
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tube and a small gas meter, the weight 
of moisture being determined by the cal- 
cium-chloride tube and the volume by 
the meter. The per cent. of moisture de- 
termined by this method is used merely as 
a check, the percentage used in the com- 
putations being obtained by calculating 
the weight of water decomposed from 
the analysis of the gases and the analysis 
of the fuel. The difference between this 
quantity and the total weight of moisture 
carried into the producer, gives the 
weight of the moisture in the gas leaving 
the producer. 

The volume of gas generated by the 
producer, and measured by the meiers, 
is also checked by computing the volume 
of the gas generated from the analyses 
of gas and coal. In the anthracite pro- 
ducer, where the loss of carbon in soot 
and tar is small, probably not over 1 per 
cent., this offers an excellent means of 
checking the gas volume and also of com- 
puting the weight of air used. The gas 
analysis, where continuous samples are 
taken by the form of sampling tube illus- 
trated, should be accurate within 1 per 
cent. The greatest error is likely to be 
made in the sampling of the coal. With 
a fine coal, such as pea or buckwheat, 
and a sample representing from 10 to 20 
per cent. ot the total weight of coal fired, 
the error in sampling should not exceed 2 
percent. The maximum error in determin- 
ing the gas volume and the weight of air 
used should not exceed 5 per cent., if the 
error in filling the producer is 2 per cent. 
The probable error is, therefore, much 
less. In most of our tests the volume of 
gas computed from analysis has checked 
within 5 per cent. the volume deter- 
mined by the meters. The meters are 
known to be accurate well within 2 per 
cent. 

In testing large producers for bitumin- 
ous coal, it is often difficult to measure 
the gas volume by any mechanical means. 
In such cases, if the carbon lost in the 
soot and tar is estimated from a sample 
of the soot and tar, and this amount de- 
ducted from the total weight of carbon 
in the coal, the volume may then be com- 
puted from the analyses of the gas and 
coal, and may be relied upon within 5 
per cent., provided the sampling is ac- 
curate. 

The producer referred to has a grate 
15x16 inches, giving an area of 1.667 
square feet. The mean diameter of the 
fuel bed was 18'~ inches and the depth 
26'% inches; the area of the fuel bed 
being 1.88 square feet. The outside 
diameter of the generator shell is 2 
feet 10 inches and the hight 7 feet 1% 
inches. 

The fuel used in the test under consid- 
eration was Scranton anthracite pea of 
13,040 B.t.u. per pound of dry coal, as 
measured by the calorimeter, and 13,125 
by analysis. The analyses were as fol- 
lows: 
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Proximate. Ultimate. 

Piste ©... oc. 78.45 C 79.84 
Volatiles. .... 5.99 hi 2.67 
Moisture..... 2.75 O. yes 
eee ee 12.81 N. 0.82 
5S. 1.13 

100.00 Ash... 13.17 


Sulphur...... 1.10 ———— 
100.00 


Table 2 shows the fuel and water sup- 
plied during the test, which lasted 12 
hours. Table 3 gives a gas-analysis log, 
and Table 4 gives the heat balance. 

It will be noted from Table 2 that the 
weight of ash and refuse was much less 
than the weight of ash alone that would be 
obtained py computing from the analysis. 
This was due to the difficulty in cleaning 
the ash out of the fuel bed, and partly 
to the toss of ash in the form of dust, 
which is carried over into the scrubber. 
In this particular coal, which had very 
little tendency to clinker, the ash was 
so soft and fine that it packed in and 
filled the interstices between the live 
coals. A small amount of clinker was 
formed on the sides. This tendency of 
the ash to pack in the fuel bed, while it 
prevents the accurate determination of 
the actual weight of ash, does not, it is 
believed, materially affect the determina- 
tion of the weight of coal as fired, for 
the reason just given; that is, while the 
fuel bed may contain as much carbon at 
the start as at the close, the bed is much 
more compact, due to the ash. The 
weight of ash and refuse is valuable prin- 
cipally for the determination of the un- 
burned carbon lost through the grate. 

The weight of dry coal per square foot 
of grate area per hour was high; while 
the producer was operating only at about 
4800 cubic feet per hour capacity, this 
was considerably above its actual capa- 
city. If the fuel had contained a fusible 
ash the results as shown in the table 
and the graphical log, Fig. 3, would have 
been practically impossible. 


DiscuSsSION 


The discussion of this paper was rather 
meager. Prof. R. H. Fernald commend- 
ed the method of testing a producer with 
an ejector, but questioned the accuracy 
of calibrated orifices as a means of 
measuring steam flow, unless the pres- 
sure of the steam and its quality could 
be kept absolutely constant throughout 
a test. His experience in the Geological 
Survey trials showed that there is a need 
cf careful and systematic investigation 
of the proportion of steam required by 
various fuels. In six tests made at the 
Norfolk station, where the steam was 
supplied by a separate boiler and the 
quantity of feed water accurately meas- 
ured, the steam consumption per pound 
of coal fired ranged from 0.69 to 1.12 
pounds, although the composition of the 
coal was substantially the same in all 
six tests. He also pointed out that a 
large error may be incurred by running 
a test for a certain limited period and 
trying to bring the fuel bed to its original 
condition; if the fuel bed at the close 
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of the selected period has not been 
brought by natural operation to the same 
condition as in the beginning of the test, 
the test should be continued until that 
condition is naturally attained. Forcing 
the condition of the fuel bed is produc- 
tive of error because of the difficulty of 
determining accurately the depth of the 
bed and because, for a short run, the 
quantity of fuel normally contained in 
the generator is large compared with the 
quantity consumed during the test. He 
questioned whether the fuel bed in the 
producer tested by Mr. Garland was in 
the same condition at the end as at the 
beginning of the test, because of the 
shortness of the test period and the 
arbitrary limitation of it to the selected 
number of hours. 

H. F. Smith said that the producer 
log presented in the paper showed that 
the condition of the fuel bed at the end 
of the test could not have been the same 
as at the beginning because the tem- 
perature of the gas was so much higher 
at the close. 








Limitations to Rope Drives 








Where large amounts of power are to 
be transmitted, the selection of rope 
drive is only limited by the allowable 
distance between shafting journals. A 
number of drives of 4000 horsepower 
are running with the best of. satisfac- 
tion, while systems of from 1000 to 2000 
horsepower are numerous. It is claimed 
that in drives of such magnitude, rope 
has a_ considerable advantage over 
leather belting, not only in first cost, 
but in safety. In the matter of first cost 
ne comparison can be made above 1000 
horsepower, and where centers of driv- 
ing and driven shafts are nearer to- 
gether than 25 feet or further apart than 
3& feet, the rope is decidedly superior 
toe leather with smaller powers. The first 
cost of leather in a belt drive, assuming 
the most favorable conditions for it, 
would be about 2'% times the cost of 
manila rope to transmit equal power. 
The cost of the pulleys in a rope drive 
would be about one-third more than the 
leather-beit pulleys, which, in a drive of 
large capacity, would leave a_ good 
margin in favor of rope. This margin 
increases rapidly in favor of the rope as 
the distances apart of shafts or amount 
of power transmitted increases. The 
matter of first cost mav be carefully 
estimated in each particular drive and 
the comparative sum closely ascertained. 
-Mining Science. 








Gasolene engines of the usual four- 
stroke-cycle stationary type will ordina- 
rily consume about a pint of gasolene 
per brake horsepower-hour when op- 
erated at about rated load and with a 
reasonably favorable adjustment of the 
mixture, quality and time of ignition. 
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Adjusting the Gas Engine 








On one of my gas-engine erecting trips 
I was sent to a small town to set up a 
2!.-horsepower gas engine for a farmer. 
This man had a natural-gas well on 
his farm which would fill up with wa- 
ter and then the gas pressure would drop 
very low. He wished to pump out the 
well at regular intervals, and also use 
the engine power for grinding grist, saw- 
ing wood and running other machinery. 

When I arrived the man who had driven 
the well was engaged in putting in a 
pumping rig. He claimed to be an all- 
round mechanic, and to know all about 
gas engines. He had an ordinary belted 
deep-well pump installed in good shape, 
and as the engine ran at 350 revolutions 
per minute a countershaft was required. 
He had figured originally on 300 revolu- 
tions per minute and only found out the 
difference after I arrived. 

He had found a large wood pulley in 
a scrap pile, and, as this proved too small 
had fastened on wooden lagging about 
2'> inches thick. Although the wheel 
was about '5 feet in diameter no attempt 
was made to balance it. Two timbers 
were set in the ground and beveled off. 
Cast-iron boxes were used. The well 
driller had difficulty in putting in lag 
screws, because he did not take the time 
to drill the hole first with brace and bit. 
So he got some large spikes and drove 
them in with the largest hammer pro- 
curable. Both boxes were cracked, but 
that seemed to make little difference to 
him. 

All was ready at last, and I had a little 
trouble in starting, because the pressure 
regulator was hard to adjust. Natural 
gas is very rich, and on starting if the 
pressure is high the gas may rush in so 

st as to get such a rich mixture that it 
will not explode. Finally I started the 
engine, and such a wabble of wheel and 
Swinging of belts. In about five minutes 
the wheel decided to see what was going 
on at the well. Fortunately no innocent 
bystander was injured and the derrick 
wes strong enough to stop the wheel. 

Much good(?) advice was offered by 
the numerous bystanders, and after con- 
siderable discussion the repairs were de- 
cided upon. 

On my arrival the next morning I 
found the well man gone and his rig re- 
paired. The bottom half of both boxes 
had broken and so the timber was cut 
Out to form the lower half. This time 
he had gotten in some lag screws to 

sten down the upper half. 


if 





On looking over the engine I found 
that he had taken the screwdriver and 
wrench and changed every adjustment 
possible, also the weights in the pressure 
regulator, retarded the ignition, opened 
the gas valve to its widest limits, etc. 

I never heard how the farmer finally 
overcame his pump-rig difficulty, but I 
do know that he ran the engine for a 
number of years afterward, and from 
what he said before I left I do not be- 
lieve that he attempted to make many ad- 
justments, as the cther man’s experience 
was enough for him. 

Louis J. BUSCHMAN. 

Cleveland, Ohio. 








Pre-Ignition Trouble 








During a recent test of a gas engine 
I was badly troubled with pre-ignition, as 
will be seen by the diagram, Fig. 1. The 


Insulatior 




















4, 








dicating the hole is stopped up by means 
of a brass plug, shown at B. 

When the plug is screwed down a 
small space C is formed between the 
bottom of plug B and top of hole D. 
I overcame this by decreasing the area of 
the hole D by the means of a piece of 
brass tubing. 


Pre-ignitiou 








Fic. 1. SHOWING PRE-IGNITION 


The best way would have been to drill 
a hole in bottom of plug B, and screw in 
a piece of brass rod of sufficient length 
to come flush with the inside cylinder 


Plug Body 
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mean pressure was about 75 pounds per 
square inch, the engine giving about 190 
brake horsepower. 

The engine was running on producer 
gas, and at first I thought the gas might 
be causing the trouble, as it will, if very 
rich. Another cause might have come 
from the piston getting hot, as it was 
noncooled. After a careful investigation 
I found it was due to the spark plug pro- 
jecting too far into the cylinder and, be- 
ing exposed too much to the flame 
caused by the explosion, it would, aftera 
time, collect a layer of carbon on the plug 
end, and the carbon being kept at a glow 
ty the continual explosion, fired some of 
the charges before the proper time. I 
had the body of the plug made shorter by 
turning off the end, as in Fig. 2, to allow 
the plug end and contact breaker to be 
slightly recessed, about '% inch below 
the surface of the cylinder, so to be quite 
free from the flame. On restarting I 
found that I had overcome the trouble. 

I experienced pre-ignition on another 
engine in quite another way, which was 
caused by a small fiame in the hole used 
for indicating, Fig. 3. When not in- 
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2. SPARK PLUG 


wall. By so doing the hole is entirely 
filled, thus preventing any gas collecting 
in the hole, and doing away with the 
sharp edges, which are very bad, and if 


Cylinder 





Fic. 3. CROSS-SECTION OF CYLINDER 


very fine will cause pre-ignition by get- 
ting red hot. 


FRANCIS H. FIELDING. 
Manchester, England. 
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Air Pressure Regulator 








The accompanying sketch is of a spring 
device which may help some engineer 
who is bothered with varying loads. I 
have applied it to the regulator or cutout 
of a 25 and 15 by 20 compound air 
compressor, 135 revolutions per minute 
and driven by a 200-kilowatt 3-phase, 60- 
cycle, synchronous motor running at 600 
revolutions per minute. 

The chart, Fig. 2, shows the varia- 
tion in pressure without the spring, from 
7 p.m. till 3 am., night shift in the 
mine, not much air being used. I put 
on the spring after starting at 7 a.m. and 
after regulating the length of the center 
bolt the pressure of the air was steady 
at a pressure of from 90 to 95 pounds, 
as will be seen on the chart, the spring 


keeping the inlet valve open just enough 
to hold the desired pressure. It has been 
im use now over two months and needs no 
attention. 

This sluggish action of the regulator 
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Fic. 2. CHART SHOWING REGULATION 
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THE REGULATOR 





is, I think, due to the fact that there is 
31 feet of %4-inch pipe with four elbows, 
connected to 35 feet of 1'4-inch pipe with 
five elbows, before connecting to the air 
receiver. 

The center bolt A must be long enough 
to allow the lever to go up to the end of 
its travel and have a good tension on the 
spring tending to pull it down. This keeps 
the lever floating and makes it follow any 
variation in the air pressure instead of 
staying in a closed position until the pres- 
sure falls 10 pounds before starting to 
open the inlet valve. The top plate must 
compress the spring far enough to allow 
the lever to come down to the end of its 
travel, so the inlet valve will be wide 
open. 

The regulator does not go from one 
extreme of its travel to the other, but 
follows the air pressure, keeping a nearly 
constant load on the motor. 

Two springs may be used, one on each 
guide bolt, if it is more convenient to 
fasten the device on the fulcrum side of 
the weight. I used a very light spring 
made from No. 14 Brown & Sharpe gage 
steel wire. 

WILLIAM BEATON. 

Gold Roads, Ariz. 








A “Swelled’”’ Cylinder Head 








In a power house not far from 
Worcester, Mass., is a cross-compound 
condensing engine, 24 and 48 by 48 
inches, running 110 revolutions per min- 
ute. For about two years past, it has 
been noticed, when removing the back 
head of the low-pressure cylinder, that 
it was very tight in the counterbore, and 
before it could be replaced the head 
tad to be reduced by filing on the coun- 
terbore fit. A short time ago, when the 
head was removed, it was found to con- 
tain several fractures on both the cyl- 
inder and outer sides. One fracture, 24 
inches long, was found inside the cyl- 
inder running lengthways with the bore, 
just above one end of the exhaust port, 
as shown at F in Fig. 3. Fractures were 
found through the bridges of the exhaust 
ports shown at F,, Fig. 3. Fractures were 
also found through the bridges of the 
steam ports at E, Fig. 1. This cylinder 
is fitted with steam jacketed heads and 
a pressure of from 140 to 150 pounds 
jacket pressure is used, and it is sup- 
posed that the alternate expansion and 
contraction of the head together with 
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the jacket pressure caused it to retain 
a permanent set sufficient to cause a 
-ursting pressure in the counterbore and 
in turn cause the fractures indicated. 
That excessive pressure existed between 
the head and counterbore was shown by 
the black, shiny appearance of the metal 
the depth of the head, such as can usual- 
ly be noticed where great pressure is 
exerted between two machined cast-iron 
surfaces well lubricated. Six jack screws 
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“SECTION SHOWING STEAM 
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Fic. 3. SECTION SHOWING EXHAUST PoRT 
and sometimes as high as 30 pounds of 
steam pressure were required to remove 
the head. 

To repair the damage, a boring bar 
with a specially constructed head was 
used to turn down the outside of the 
cylinder flange, reducing the diameter 
1's inches. The cast-iron casing which 
covers the cylinder and acts as a sup- 
port to the head end by engaging the 
cvlinder flange was bored '% inch larger. 
A steel ring 1 inch thick, 2 inches wide 
and 4 feet 714 inches in diameter was 
then made and shrunk over the flange, 

inch being allowed for shrinkage. To 
heat this ring a large gasolene torch 
with two burners was used. To pre- 
vent the ring changing its shape while 
7 heated and the better to handle 

.a harness of 1x34-inch iron was made, 
and secured to the ring by clamps at 
Six equally spaced points. The ring was 


‘tire range of working. 
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suspended horizontally 
balanced on the hook of the station 
crane. This hook having a ball bear- 
ing was revolved very easily, while the 
gasolene burners applied heat at opposite 
sides. A gage was made of the cyl- 
inder flange and as soon as the ring was 
sufficiently expanded, it was hoisted up, 
with a rope falls, placed in position and 
allowed to cool. 

Three long studs were put through 
the steam ports, two of them, 134 inches 
in diameter, taking the place of two regu- 
lar flange studs and one 1!4 inches in 
diameter was located between the regu- 
lar studs at a point low enough to 
clear the bottom of the valve port, shown 
at S, Fig. 2. The holes for these studs 
were enlarged \% inch at the flange end 
for a depth of 3g inch and when the 
studs were in place, soft copper wire 
was calked in around them, as shown 
at C, Fie. 1. 

Three 1'%-inch studs S,, Fig. 2, were 
placed through the exhaust port so as 
to come below the valve seat. These 
studs when being tightened up were 
heated with a plumber’s torch, allowing 
them to expand; a-soft-copper washer 
was placed under each nut as a gasket. 
A hole was drilled at the end of the 
fracture in the counterbore to prevent it 
spreading, and plugged with round cop- 
per, calked and riveted to prevent leak- 
age. 

The cylinder head was machined on 
the counterbore fit and flange, and the 
steam jacket removed. 

W. H. Cymry. 


and accurately 


Providence, R. I. 








Putnam Engine Governor Adjust- 
ments 








In order to get the maximum amount of 
power from the Putnam engine, it is nec- 
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I, by loosening the set nuts and taper pin 
on the shaft. In some engines an ec- 
centric pin at J will do the same thing 
until the cams do not touch the levers 
Then lower the governor to its running 
position and move the crosshead out and 
see when cutoff takes place. Make a 
mark on the guides and do the same to 
other end, and if not alike advance the 
cam for earlier cutoff, or throw it back 
for later cutoff. This method is to be fol- 
lowed only after the setting of the valves 








Exhaust Cam Power 
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by the regular rule or as a final adjust- 
ment, as advancing these cams affects the 
lead. The adjustment of the governor 
must be given especial attention, because 
without it, the range of cutoff will be 
very short and the range of cutoff may 
be decreased if the steam cam A does 
not strike the cam lever flat, as shown in 
Fig. 1, when the engine is on the dead 
center. In so doing all of the upward 
movement of the cam will be available 
in keeping the valve open longer with a 
given position of governor, and any ad- 
vancement of cam A due to excessive 
lead is sure to decrease the range of cut- 
off. 

The wear of the brass block B is con- 
siderable due to the sliding in and cut 
of the cam lever in changing the cutoff, 
and allowing the lever to rise, due to the 
spring J. Unless a new block is put in 
or shims under the old block, the cam will 
be later in meeting the lever, and the 
pert opening will be slower, showing a 
leaning admission and wire-drawn steam 
line. Frequently this block will fall out 
entirely if the spring J gets weak and the 
valve will hardly open at all. 

The leaking of the poppet valves is 
due to the unequal wear of the top and 














essary that the governcr be given its en- 
To do so, put the 
balls in their higher position, and turn the 
cam shaft, throw in or out the bell crank 


ee 36 ——— 
9 OK LL - 
1 Power 
tottom, there being less metal in the 


bottom than top; and the top poppet will 
keep the bottom one off the seat, hence the 
bottom one will leak. This is also true 
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of the exhaust valves. To make tight take 
the valve out and put an equal amount 
of flour of emery on each seat and then 
take a screwdriver and turn the valve 
around until a tight seat is obtained. Any 
hunting of the governor can be stopped 
by tightening the friction bearing at P, 
care being taken not to make it act 
sluggish. There is another friction bear- 
ing on the cam shaft, which is used for 
teking up the back lash in the gears at 
both ends. Experience has taught that 
this type of engine does not get rid of a 
dose of water as readily as other valve 
gcars such as the Corliss, Green or slide 
valves, because the only leverage it has 
is the difference between the under side 
of the top steam poppet and the top side 
of the bottom poppet valve, between 
which there is a very little difference. 
In view of these circumstances it is ad- 
visable to run with as little compression 
as possible, as in so doing the exhaust 
valve will be closed later in the stroke 
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governs the time of closing the exhaust 
port. Therefore, the compression may be 
made to suit the conditions by having 
marks on the bolt, and at the same time 
it does not affect the release. This change 
can be done while running. A simple 
cutoff telltale is easily made by attaching 
a fine wire on the steam bell crank / 
and then to a pulley L on the wall, then 
up to a lever with a fulcrum at K. It is 
very interesting in noting the change in 
cutoff while adding back pressure, as the 
effect is greatly magnified. 
A. C. WALDRON. 


Lynn, Mass. 








A Heater from Scrap 








The accompanying sketch shows a 
steam heater made mostly from scrap 
and installed in our station office. It 
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HEATER BUILT OF SCRAPS 


and less water will be entrapped. Again, 
if only a little compression is carried, it 
is almost impossible to back up the en- 
gine when beyond 34 stroke, as, when 
lifting the steam valves with a bar to 
back up, the exhaust valve is open at the 
same time on the same end, hence, with 
a heavy friction load it is a very difficult 
thing. With early compression the ex- 
haust valve is closed early in the stroke 
and the opportunity to get a head of 
steam to back with is better. 

When running these engines condensing 
and with a compression that is too high for 
noncondensing, when the vacuum is lost 
there is a tendency to pound. In Fig. 2 
the exhaust lever is in two pieces coupled 
together with a right- and left-threaded 
bolt D, with check bolts on top. By turn- 
ing this bolt the bearing surface of the 
lever is lengthened or shortened and so 


consists of three pieces of 5-inch pipe 
3 feet long with the ends capped and 
tapped for 34-inch pipe which connects 
the whole together in the manner shown. 
The stand is of 3¢x2-inch strap iron bent 
to form shown, and held together by 
bolts running through immediately over 
and under the 3-inch pipe. Feet are 
formed at the ends and drilled for screw- 
ing to the floor. The number of sections 
could be increased to suit local condi- 
tions. 

By painting the stand and parts black 
and the small pipe, caps and fittings 
with aluminum paint, a very pleasing ef- 
fect may be obtained. Valves, not shown 
in the sketch, in the supply and drain 
lines regulate the quantity of heat given 
off. 

C. L. GREER. 

Handley, Texas. 
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Lifting Bolt Hole Forms 








The wooden form used in making bolt 
holes in concrete work is a stubborn arti- 
cle to deal with when it is to be removed 
from the hole. Usually the forms are 
made from rough lumber, the surface of 
which tightly grips the surrounding con- 
crete. Nails, knot holes and checks in 
the boards add to the strength of the 
adhesion. 

An extremely simple: and highly effi- 
cient device for gripping the form con- 
sists of a piece of pipe slightly larger 
than the internal width of the form, and 
long enough to allow a grip on the form 
consistent with the effort required for 
its removal. A coarse thread should be 
cut on one end of the pipe and a hole 
drilled through the other end for attach- 
ing a clevis or receiving a bar. By means 
of a jack and lever arranged as shown in 
Fig. 1, the form may be removed. Where 
an overhead crane is installed,the simplest 
method is to fasten a clevis on the lifting 
pipe and let the crane do the work. Re- 
garding the strength of the grip between 
the pipe and wocd, I know of an instance 
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where the heavy lift of a 30-ton crane 
was required to extract the form for a 
3-inch bolt, set 6 feet in the concrete. 
When dealing with refractory forms, 
by far the most irritating condition of 
affairs is to have the form become water- 
logged. In this case it is impossible to 
make the lifting pipe hold; and if the 
hole is deep, practically nothing can be 
accomplished with a chisel bar, except to 
plug the bottom of the hole with a spongy 
mass of soggy splinters. The only way 
to remove these is by means of a pipe 
which has a chisel edge on its lower end 
obtained by filing the inside edge of the 
pipe with a rat-tail file. Drive in the pipe 
with a sledge and lift it out with a jack. 
The splinters rammed in the pipe may be 
driven out with the handle of a crow- 
bar. After a few drives the core of the 
soggy mass will be so far removed that 
the sides may be drawn out with a hooked 
bar. In Fig. 2, showing this arrangement, 
the cross on the top of the pipe is con- 
venient, but not necessary. The lever 
may be secured to the pipe with a chain 
or rope hitch. 
J. J. O'BRIEN. 
Buffalo, N. Y. 





} 




















January 4, 1910. 








Arranging Condensation Returns 








The extravagance which lack of fore- 
thought in the disposition of available 
apparatus entails in many steam plants, 
and the saving that may be effected by a 
rearrangement according to correct prin- 
ciples, are strongly exemplified in the case 
of the equipment illustrated in the ac- 
companying illustrations, where Fig. 1 
shows the plan adopted for returning the 
water of condensation from a number of 
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stalled in the building. During the sum- 
mer months, the only portion of the heat- 
ing system in service comprised these 
coils, but as no provision had been made 
for a vacuum pump of a size commensu- 
rate with the work of pumping out these 
coils, the duty naturally devolved upon 
one of the big pumps, which was ample 
for the entire heating system extending 
through a building ten stories high, and 
covering an area of one city block. 

This manner of arranging the outfit 
struck a new engineer who came on the 
job as being, in the one case, a useless 
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high-pressure steam lines, and also the 
method employed for disposing of the 
condensation in the exhaust-steam heat- 
ing coils of the hot-water supply tanks, 
as originally designed and installed in a 
public building. Fig. 2 shows how the 
same work was performed upon a more 
economical basis, without the installation 
of any additional apparatus, but by the 
exercise of good judgment in utilizing the 
equipment already at hand. 

In the matter of draining the steam 
lines, the scheme of arrangement, as ori- 
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elaboration, and in the other a complete 
contravention of all established notions 
respecting steam-engine economy; so he 
decided upon a readjustment of the ap- 
paratus in the manner shown in Fig. 2. 

The discharge from the trap was piped 
directly to the heater, no trouble or in- 
convenience whatever being experienced 
on account of the length of the line, 
while the little pump thus placed at 
liberty was used for pumping the returns 
from the supply-tank coils. 

The most cbvious result of the altered 
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Discharge to Feed Water Heater 
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ginally outlined, contemplated the accu- 
mulation of the drips from four high- 
pressure steam separators in a single trap 
of the tilting variety; but as the distance 
intervening between this trap and the 
fced-water heater that was destined to re- 
ccive its discharge was considered exces- 
Sive, it was deemed advisable to provide 

small tank as a receptacle for the wa- 
er discharged by the trap, from which 
t could be delivered to the heater by a 
Sicam pump. 

With regard to the exhaust-steam coils 
in the hot-water supply tanks, these were 
a oart of a vacuum heating system in- 
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arrangement was a marked economy in 
fuel consumption during the summer 
months. This was an outcome only na- 
tural to expect, for it is, manifestly, quite 
reasonable to assume that the steam 
which had formerly been consumed in 
overcoming the inertia of the reciprocat- 
ing parts of the larger pump and keeping 
them in motion, was really many times 
in excess of the total amount consumed 
in actually pumping the condensation 
from the heating coils to the feed-water 
heater in the case of the smaller pump. 

A. J. Dixon. 

Chicago, III. 
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Running a Large Engine at High 
Speed 
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Sometime ago an accident happened in 
my plant in which the only generating 
unit and one of the heavy-duty mill en- 
gines played an important part. The en- 
gine of the generating unit, a 20 by 86- 
inch Corliss was quite badly wrecked by 
what was supposed to be a broken fol- 
lower plate, the piston being of the built- 
up type. The damage to the engine was 
a broken piston, broken and badly bent 
rod, cracked cylinder head, broken cross- 
head shoe, broken metallic packing, a 
piece broken out of the packing gland and 
both exhaust valve stems badly twisted. 

An examination showed that the fol- 
lower plate had an old crack running 
nearly one-half way through it. It was 
known that all was not exactly right with 
the piston, as several follower bolts had 
been broken at different times. All, with 
the exception of one, went through the 
exhaust valves, the one being punched 
through the cylinder head, leaving a hole 
about 1% inches in diameter, but not 
cracking the head, which was tapped out 
and a plug screwed in. 

As the plant was behind on orders and 
another unit was soon to be installed, the 
engine was nct shut down for overhaul- 
ing, until it did so of its own accord. 

As the engine would be down several 
days it was necessary to devise some way 
of getting electric power for the ma- 
chine shop and mill. This was done by 
meving two 50-horsepower motors so they 
could be belted to the jack shaft of one 
of the 32 by 48-inch mill engines having 
piston valves and a 16-foot flywheel, 
grooved for twenty 2-inch ropes. It ran 
at the usual speed of 90 revolutions per 
minute. 

Two wood pulleys were made and 
turned up in a machine shop for four 
ropes each, and keyed to the motor shafts. 
They were supposed to be the proper size 
to give the right speed to the motors, 
which were to run as generators, when 
running the engine 100 revolutions per 
minute; but a mistake was made in turn- 
ing which was not noticed until the en- 
gine was started, when it was necessary 
to increase the speed to 128 revolutions 
per minute. The speed was later re- 
duced to 118 revolutions per minute, by 
turning the pulleys smaller. The genera- 
tors were connected to the switchboard in 
parallel by laying about 250 feet of 
cables over the ground, and a shunt-field 
line from the switchboard, using one 
rheostat to control the fields of both gen- 
erators; and in this manner current was 
furnished for about one-half of the mill 
until the other engine was ready to run. 
The flywheel when running at the h‘ghest 
speed had a rim speed of 6430 feet per 
minute, which is above the safe speed for 
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a cast-iron wheel of this size. This wheel 
had two rows of eight spokes each, and 
eight 114-inch rods from the rim to the 
hub. The engine was run in this man- 
ner about 10 days until the other engine 
was ready for service and gave no trouble, 
although a 100-horsepower load on a 900- 
horsepower engine was a little out of 
proportion. 

Some trouble was expected with the 
generators as one had shunt and the 
other compound fields, but by cutting the 
series field out they worked nicely. 

J. C. HAWKINS. 

Elyria, O. 








Combustion Qualities of Coal 








The qualities of fuel burned under the 
boilers are several, and each is classified 
for the generation of steam according to 
its merits. For instance, Pocahontas is 
considered as the best, if burned with a 
mechanical device or a stronger draft. 
New River coal is also regarded as the 
best when it is burned with natural and 
weak draft; 50 per cent. of its production 
is consumed in the New England States. 
It has a high percentage of volatile mat- 
ter and low percentage of ash, and it 
ignites quickly and with freedom. On ac- 
count of its prompt ignition the tempera- 
ture in a furnace will be higher than 
with any other fuel; the slicing and hoe- 
ing of the fire also will be less, because 
the coal does not need so much handling, 
therefore the percentage of ash falling 
in the ashpit will be less, compared with 
the Pocahontas. 

Pocahontas coal is also considered by 
some to give better results than the New 
River, when the conditions permit. In 
the writer’s experience in testing the effi- 
ciencies of boilers with different grades 
of fuel, it was found that the New River 
coal gave a more constant steam pres- 
sure, and made less work for the fireman 
than Pocahontas, but more economical 
results were obtained with the latter 
than with the former. This occurred 
when the boilers run at their rated horse- 
power, but when the percentage of rated 
horsepower increased, the New River 
was the best, as it generated the steam 
quickly; whereas the Pocahontas, on ac- 
count of its slower ignition, necessitated 
harder labor and more manipulation of 
the fires, causing the fuel to fall down in 
the ashpit. With this coal a larger per- 
centage of air space is required, as com- 
pared with New River; the smoke is also 
less dense than the latter, on account of 
its lower volatile matter. In the writer’s 
evaporation tests it was found that Poca- 
hontas gave 5 per cent. better results in 
economy than the New River coal with 
mechanical draft. 

Hard-coal screenings, with mechan- 
ical draft, will give better results in 
economy than No. 3 buckwheat or 
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birdseye. This fuel, on account of its 
components, does not burn as freely as the 
buckwheat or birdseye, and, therefore, 
needs more manipulation of the fires by 
slicing and hoeing. When this coal is 
mixed half and half with soft coal, it 
retards the ignition of the latter, there- 
fore the mixture will burn slowly, caus- 
ing a fusion of both; this is caused by the 
natural draft not being strong enough to 
allow the air to penetrate the fuel. The 
free-burning buckwheat does not need 
slicing because its clinkers are porous, 
and air will readily pass through. If the 
fireman is ignorant as to the method of 
burning it, then it will give just as much 
trouble as screenings do. 

In the writer’s experience in testing 
several plants for their efficiencies, hav- 
ing horizontal tubular boilers with natural 
draft, it was found that when clear Poca- 
hontas coal was burned the average evap- 
oration per pound of coal from and at 
212 degrees Fahrenheit was 10.5 pounds 
in 24-hour tests, and when the same coal 
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economy than with natural draft, because 
three times as much air will be driven 
through the fuel, therefore the surplus 
air will carry more heat units out of the 
chimney than natural draft. 
V. MACKAY. 
Boston, Mass. 








Repairing a Broken Eccentric Strap 








While working for a contractor a couple 
of years ago I ran two rock crushers 
with a compound double-eccentric marine 
engine of 45 horsepower; it was a sec- 
ond-hand engine, and pretty well worn. 
One day one of the eccentric straps broke 
in two places, shown at A and B. 

As I could just about keep things 
going by running 10 hours per day, we 
could not wait to have a new strap made; 
so I took it to the shop, drilled a hole 
through the shank, also through the ec- 
centric strap, and forged a piece of 
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was mixed with half and half of hard- 
coal screenings, the evaporation was re- 
duced to 8.5 pounds. The Pocahontas 
contained 14,500 B.t.u., the screenings 
12,500 and the mixture 13,500; the lat- 
ter producing an evaporation of about 
9.5 pounds, and a boiler efficiency of 
about 60 per cent., whereas when all 
Pocahontas was burned the boiler effi- 
ciency was 70 per cent. This shows that 
when the above mixture is burned under 
a boiler using natural draft, the efficiency 
or evaporation is reduced proportionate- 
ly according to the coal mixture burned. 

Why is the efficiency of the boiler or 
furnace reduced when a mixture is 
burned with natural draft? It is on ac- 
count of the screenings being hard to 
burn with the natural draft and, there- 
fore, the soft coal must assist, and by 
doing this sacrifices some of its heat; 
thus the temperature of the furnace 
is reduced and the automatic damper 
kept open wider and longer, allowing air 
to pass through the furnace and out 
to the chimney, taking with it a large 
amount of heat. 

If, however, this mixture is burned 
with a common forced draft, the air which 


will be driven through the fuel will be. 


excessive; if the forced draft is installed 
with the same grate as the natural draft, 
it will not give any better result as to 


1x%-inch steel so it would fit as shown 
at C and D. Holes were drilled and bolts 
put in place. The holes on the inside of 
the strap were countersunk, so as to 
fourm a smooth surface. We ran this re- 
paired strap for over six months and had 
no trouble. 


W. ELLERBROCK. 
Honolulu. 








Belt Runs Off Pulley 








I have been having trouble with a 10- 
inch belt driving a 120-kilowatt alternator, 
1100 volts and 80-ampere load. The belt 
slipped a good deal, but never ran off the 
pulley until one night during a storm, 
when the machine got a bolt of lightning 
that threw the belt over against the side 
of the machine, and stretched one side 
more than the other. Since then we have 
had considerable trouble to keep the 
belt on. 

The belt will run all right as long as 
the load is heavy, but as soon as the load 
goes off the belt does likewise. It is 
91 feet long, with 32 feet centers, driv- 
ing pulley 14 feet in diameter and the 
driven 16 inches. 

JOHN BERKLEY. 

Homer, III. 
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Cylinder Lubrication 








In working out engineering data it is 
most essential to reduce them to some 
convenient form and plot the results. It 
is seldom that the data offered will be 
just the one result which is desired, and 
by means of the plotted diagram any 
result may be obtained, and at the same 
time it forms a check on the accuracy 
of the observation. Anyone who has fol- 
lowed the letters on lubrication will realize 
of how little value are unclassified data. 
If perchance one set of conditions hap- 
pened to fit the conditions in question 
there is no means of checking the ac- 
curacy of the given data. However, if 
several results could be compared more 
definite conclusions could be obtained. 
In order, then, to check the data, and also 
furnish a means to make those data ap- 
plicable to any engine, the following 
curves have been plotted. 

The coédrdinates which have been 
chosen are surface lubricated horizontally 
and pints of oil used per 10 hours verti- 
cally. The data can be easily reduced to 
this form and the results are shown by 
the curve. To read the curve for any en- 
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gine it will be necessary to find the cir- 
cumference of the bore and multiply that 
by the length of stroke in inches. In 
other words, 


Surface lubricated = diameter 
3.1416 the stroke. 


Taking a 26 and 42 by 40-inch com- 
pound engine, the calculation would be 





14,000 
Square Inches of Surface Lubricated 


26 < 3.1416 « 40 = 3267.26 square 
inches, 
and 

42 « 3.1416 « 40 = 5277.89 square 

inches, 

3267.26 + 5277.89 = 8545.152 square 
inches, 

or, say 8500 square inches. 

This engine would then use about five 
pints of oil in a 10-hour run. The way 
in which this was obtained is shown by 
the light line on the curve, Fig. 1, for 
compound engines. Any engine may be 
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checked as to the quantity of oil used in 
this way, and the curves give a ready 
means of showing how much variation 
can be expected. 

As plotted the points along the curves 
show quite a uniformity, and when the 
great variety of conditions is considered 
from which they come, the results, espe- 
cially in the case of the compound en- 


gines, show considerable regularity. On 
account of this regularity it is quite evi- 
dent that there are some very necessary 
conditions which must be fulfilled in 
order to have good lubrication. If there 
were no such conditions the points would 
fall all over the paper. The running en- 
gineer has, in perhaps the majority of 
these cases, tested out the oils until he 
finds one that is suited to his purposes, 
and hence, as far as quality of oil is con- 
cerned, the results will show little varia- 
tion. 


The average curve, as plotted for the 
Corliss engines, comes remarkably close 
to the curve for the compound engines. 
However, a compound engine usually 
operates with a four-valve valve gear 
and, as far as lubrication goes, is prac- 
tically a double Corliss and, hence, does 
not require any different lubrication. 

On the curve sheet, Fig. 3, are shown 
the results for the slide-valve engines, the 
simple slide valve and the high-speed 
automatic cngine. There seems to be a 
kind of shading off from one to the other, 
and there are hardly enough points to 
establish any definite curve. The simple 
slide-valve engine being simple and hard 
to get out of order receives less attention 
and is subject to many more abuses than 
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the more expensive engines; as a result, 
much less care is taken in regard to lubri- 
cation, and hence the data do not show 
much consistency. The high-speed en- 
gine requires more oil than any of the 
other engines, and while this may be due 
to the higher speed, it seems probable 
that there is something about the valve 
gear of a high-speed engine that seems 
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to cause trouble unless the engine be 
properly lubricated. 

A comparison of all the curves seems 
to show some important results, although 
they offer but little help in the solution 
of lubrication difficulties. However, it is 
just these points that make the engineer- 
ing profession interesting. Much of the 
value of experience of an engineer would 
be lost if it were not necessary for the 
engineer once in a while to settle down 
and work himself out of a difficulty. 

On nearly all the points plotted the 
revolutions per minute are given, and in 
the majority of cases the speed does not 
seem to play a very important part, al- 
though, as a rule, the higher speeds seek 
the part above the curve, showing the 
higher speed needs a little more lubrica- 
tion. 

Boiler pressure probably enters the 
problem to an even less extent than the 
speed, although there is no proof one way 
or another. The kind of oil used has 
probably a large effect, but when a plant 
is operating day after day the engineer 
tries out oils until he finds a suitable one. 
There are undoubtedly several oils which 
satisfy the conditions and are probably 
very much alike and, therefore, it is quite 
probable that the data already published 
have been obtained with the use of sim- 
ilar oils. 

ge J. H. Spoor. 
Madison, Wis. a 








_ Tension in Cylinder Head Bolts 
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member is held 
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the lower horizontal 


against the ends of the vertical strips by 
the tension of the scale spring which is 
drawn out until the index registers 30 
pounds. 
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Fic. 1 


To the under side of the lower cross 
member is attached a bucket into which 
water may be poured, the weight of 
the cross piece and the bucket being 
314 pounds. 

Between the upper cross piece and the 
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top end of the vertical members are strips 
of writing paper, which may be pulled 
upon from time to time as water is poured 
into the bucket. When thirty-six and one- 
half pounds of water are put into the 
bucket, the strips of paper, which up to 

















Fic. 2 


that point have been fast, become free 
and can be moved, showing that until the 
initial tension to which the spring of the 
scale is stretched, is exceeded by the 
weight of the water in the bucket, no 
additional stress is put on it. 

This accurately represents the condi- 
tion of flange and cylinder-head belts 
where there is no elastic gasket between 
the flanges. 

For flanges having elastic gaskets in- 
terposed the condition may be represented 
by Fig. 2, where the rigid member is 2 
length of wire extending from one cross 
piece to the other and in which tension 
is secured by the compression of the 
springs. The tendency to produce tension 
in the wire is shown in the dotted weights. 

As the tension in the wire is equal to 
the expansive effort of the springs, it is 
plain that any weight added to the lower 
cross piece, by putting water in the 
bucket, would increase the tension in the 
wire, which would be equal to that of 
the springs plus the weight of the water 
in the bucket, as may be shown by sub- 
stituting a spring scale for the wire. 

From this it may be concluded that with 
iron to iron faces or with inelastic gas- 
kets steam pressure in the cylinder does 
not add to the tension on the bolts, while 
with an elastic gasket between the flanges 
the tension on the bolts is increased by 
the steam pressure in the cylinder. 

GEORGE GORDON BISBEE. 

Springfield, Vt. 


In the October 26 issue of POWER AND 
THE ENGINEER, under the title of “Some 
Erroneous Ideas,” there is a discussion 
of the question of the tension in cylinder- 
head bolts. And owing to the difference 
of opinion, many readers may have be- 
come interested in the matter; therefore, 
I wish to offer something which may be 
of general interest. 
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Referring to the figure, if the nut is 
screwed down, a tension is produced in 
the bolt, as shown by the arrows, the nut 
and bolt head tending to compress the 
metal in the flanges. It is a law of me- 
chanics that every action must have an 
equal reaction. The reaction of the metal 
in the flanges due to resistance to com- 
pression is represented by the arrows. 
The metal in the flanges presses outward 
against the nut and bolt head with the 
same force that the nut and bolt head 
press inward against the flanges. When 
a body is subjected to a stress, no matter 
how small, a strain or deformation is 
produced in it, and this strain or defor- 
mation is proportional to the stress which 
produces it. If a pull of 1000 pounds 
stretches a body 1/16 inch, a pull of 2000 
pounds will stretch it 4% inch, providing 
the force of 2000 pounds is within the 
elastic limit of the material. 

The tension causes the bolt to stretch, 
and at the same time produces a com- 
pression of the metal in the flanges. 

When a working force comes into 
action tending to stretch the bolts further 
so that flanges will just be ready to 
separate, and as the bolt is already 
stretched due to the tension produced in 
it by screwing up the nut, and as this 
tension has also caused compression of 
the flanges, it follows that before separa- 
tion of the flanges can begin, the bolt, 
already stretched, must be stretched still 
further. 

In order that the flanges may be just 
ready to separate, the elongation of the 
bolt must be equal to the compression of 
the metal which is relieved. 

In screwing up the nut a tension is 
produced in the bolt as shown by the 
arrows and their direction. 

The reaction of the metal in flanges 
due to resistance to compression is also 
shown by other arrows and their direc- 
tion. When the nut is first screwed up 
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Arrows SHOW DIRECTION OF STRESS 


and the pressure inside the cylinder is 
zero, the reaction equals the tension. 
When the working force comes into 
action, tending to separate the flanges, 
then the reaction of the metal in the 
flanges against the nut and bolt head is 
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partly relieved, and when it reaches a 
point that the joint is about to open the 
reaction is totally relieved. 

The tightness of the joint depends upon 
the elasticity of the metal in the flanges. 

Anything which increases the total 
compression increases also the tightness 
of the joint. This may be accomplished 
by increasing the thickness of the metal 
compressed, by increasing the total com- 
pressive stress, or by decreasing the area 
of the metal compressed by the bolt 
tension. 

As these methods of increasing the 
tightness of the joint are not commer- 
cially practical, the usual method is to 
introduce an elastic gasket between the 
flanges. 

It follows that the tension in the bolt 
when the joint is about to open must be 
greater than the initial tension due to 
screwing up the nuts. 

Therefore, if the working force or pres- 
sure be limited to a value equal to or 
less than the bolt tension, there will be 
no opening of the joint. 

It also follows that when the pressure 
equals the tension in the bolt the total 
tension is not the pressure plus the initial 
tension, but that due to the working pres- 
sure only, as the compression of the 
metal in flanges is now relieved. 

As a general rule, in a metal to metal 
joint the area of the metal compressed by 
the bolt action is large compared with 
the cross-sectional area of the bolt, and 
the total compression or shortening of 
the metal in the flanges is very small 
compared with the total stretch of the 
bolt, so that the total tension in the bolt 
when the joint is about to open is not so 
much greater than the initial tension due 
to screwing up. To insure a tight joint 
the initial tension should be twice the 
pressure or greater. 

After the bolts are stretched an amount 
due to the screwing-up tension, any fur- 
ther stretch of the bolt due to the inter- 
nal pressure may not affect the initial 
tension to any great extent, as the pres- 
sure within the cylinder may not be great 
enough to cause an additional stretch in 
each bolt sufficient to relieve the comm- 
pression in the metal flanges, or in the 
gasket where one is used. 

If the elongation of the bolts due to 
the internal pressure is small compared 
with the compression of the gasket, the 
ultimate load on each bolt may approach 
the initial tension due to screwing up 
plus the tension caused by the internal 
‘ressure in the cylinder. This applies to 
a joint made up with a gasket. 

Where rigid flanges are bolted together 
metal to metal, it is very probable that 
any further extension of the bolts due to 
internal pressure would relieve the com- 
pression of the metal in the flanges and 
the joint would be about to open and any 
increase in pressure would cause the 
joint to leak. It would then be “an 
erroneous idea” to suppose that the load 
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on each bolt is that due to the initial 


tension plus that due to the pressure in 


the cylinder. 

When the steam pressure comes into 
action tending to separate the flanges the 
compression of the metal in the flanges 
due to the initial tension is partly re- 
lieved, and when the pressure reaches 
a point where the joint is ready to open 
the compression of the metal is totally 
relieved and the reaction becomes zero. 

The ultimate load on each bolt at this 
instant will be: The area of the cylinder 
cover exposed to the steam pressure 
times the pressure in pounds per square 
inch, divided by the number of bolts; 
or the load on each bolt will be that due 
to the pressure alone. 

This is more liable to be the case in a 
metal to metal joint than where a gasket 
is used, as the compression of the metal 
in the flanges is small compared with the 
elongation of the bolts. 

Where an elastic gasket is used between 
the faces of the flanges, the compres- 
sion of the gasket is, as a rule, large 
compared with the elongation of the bolt, 
and where the connecting flanges are de- 
flected, or sprung by the bolts, the case 
is similar to a joint made up with a 
gasket, exerting an outward thrust against 
the nut and bolt head. 

The outward thrust of the metal in the 
flanges due to resistance to compression, 
produces tension in the bolt when screw- 
ing up, and when this is partly relieved 
the initial tension decreases, and at any 
instant the tension on the bolts must ex- 
ceed the initial tension, but not neces- 
sarily reach a point equal to the initial 
tension plus that due to the pressure 
against the head. A careful study will 
convince one that in any practical case it 
would be difficult to decide what the ul- 
timate tension in each bolt would be at 
any instant. 

WILLIAM F, FIsCHER. 

New York City. 





That the tension in the bolts holding a 
cylinder head in place is not increased by 
the steam pressure in the cylinder may 
be shown by the use of the apparatus il- 
lustrated in Fig. 1, wher- the lower cross 
piece is pulled against the end of the 
vertical members with a pressure of say 
40 pounds by the tcusion of the spring of 
the scale. If water be poured into the 
bucket until the vertical members are free 
it will be found that the combined weight 
of the lower cross piece, the two vertical 
pieces and the bucket with its contents 
just equals the weight necessary to fetch 
the spring of the scale to the tension of 
40 pounds; which shows that where no 
gasket is used or a gasket having no 
elasticity the tension on the cylinder-head 
bolts is not increased by the steam pres- 
sure in the cylinder. 

Where an elastic gasket is interposed 
between the flanges the case is different, 
as may be illustrated by Fig. 2, where 
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the bolts are represented by the wire and 
the gasket by the springs which impose a 
tension in the wire. It is plain from this 
figure that if additional pressure is put on 
the cylinder head, which pressure may be 
represented by the weights shown in 
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dotted lines, this pressure will add to the 
tension already existing in the bolts. If 
the cylinder head and flange are inelas- 
tic and are held together without the in- 
terposition of an elastic gasket steam 
pressure in the cylinder will not add to 























the tension already existing in the bolts. 
If, however, an elasic gasket is interposed 
between the head and the flange, steam 
pressure in the cylinder will increase the 
tension of the bolts. 


CHARLES Hoyt. 
Charlestown, N. H. 
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Economy of Superheated Steam 
in Steam Engines 








Some time ago Mr. Johnson related 
two interesting experiences of the use of 
superheated steam in steam engines. It 
is quite evident that, in both cases, be- 
fore the alterations were made, the en- 
gines were- receiving wet steam, either 
due to priming in the boilers, or to con- 
densation in the pipes, or, at best, steam 
that was merely dry. It has long been 
recognized that wet steam is a most un- 
economical mixture with which to drive 
an engine. 

Considering the matter from the very 
beginning, we know that the cylinder of 
an engine becomes alternately, at the be- 
ginning and end of each cycle respec- 
tively, hot and cold, using the terms rela- 
tively. The cylinder walls at the begin- 
ning of a stroke are much colder than the 
entering steam, therefore a certain amount 
of steam gives up its latent heat, in rais- 
ing the temperature of these walls to 
that of the steam, and becomes water. 
It is obvious that this steam has done no 
useful work in driving the engine, and 
that its energy is, as far as the engineer 
is concerned, wasted. Now some of this 
water remains in the cylinder until the 
exhaust takes place, when, owing to the 
reduction of pressure, it immediately 
starts to boil, and escapes as steam. 
Part only, however, remains in the cyl- 
inder until the end of the stroke; the re- 
mainder leaks past the valve and is eva- 
porated on the other side. This leaking is 
always taking place in ordinary slide- 
valve engines used without superheating, 
and constitutes a very serious loss indeed. 
The method of preventing it is quite 
simple, and consists in superheating the 
steam before it reaches the cylinder of 
the engine. 

The superheating need only be of a 
comparatively slight degree to effect con- 
siderable saving. By this means the cyl- 
inder walls may be heated up by the su- 
perheat without any condensation taking 
place, and consequently all the steam 
does work upon the piston. Of course, 
condensation takes place during the 
stroke unless the superheat is rather high, 
but in no case is it as great as if the 
steam were not superheated. The saving 
by even a superheat of from 50 degrees 
to 100 degrees Fahrenheit reaches not un- 
commonly 10 to 20 per cent., and by su- 
perheating up to 300 degrees Fahrenheit 
a saving of 50 per cent., or more, has 
been made on the water consumption. 
The cost of the extra heat required is 
very little compared with the saving, as 
the specific heat of steam is small, being 
only about 0.48. 

In the cases Mr. Johnson mentions the 
steam was superheated by throttling, and 
this superheating, although only probably 
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a few degrees above the saturation tem- 
perature, was sufficient to prevent a cer- 
tain amount of cylinder condensation, and 
sO Cause a saving to be made, in that less 
steam was required, and, therefore, less 
coal. The thing is very simple and yet it 
is one of those points which engineers 
sometimes neglect, and for this reason, as 
much as for the interest I have in reading 
Mr. Sawyer’s adventures, I appreciate 
Mr. Johnson’s article. Professor Ripper, 
of the Sheffield University, made some in- 
teresting experiments, about the year 
1897, with a small Schmidt, noncondens- 
ing, superheated-steam motor, and he 
found that with a superheat of 300 de- 
grees the consumption of steam per horse- 
power-hour was reduced from 38 to 17 
pounds, a reduction of nearly 55.5 per 
cent. 
CHARLES T. PIPER. 
Sheffield, Eng. 








Some Erroneous Ideas 








In the issue of September 14 C. W. 
Hartley says: 

“If a valve could be conceived under- 
neath which there were no ports no de- 
gree of steam pressure would press it to 
its seat. If it were desired to move such 
a valve it would be found that it could 
be moved with equal ease whether in a 
vacuum or in a steam pressure of any 
intensity.” 

Of this statement J. B. Clapper in the 
issue of October 19 gives the following 
opinion: 

“Strange how we’ve been plodding 
along all these years with the mistaken 
idea that steam under pressure will exert 
this pressure on all surfaces exposed to 
it. Engine builders have used balance 
plates, piston valves and whatnot, think- 
ing that they were overcoming something, 
and now we are told there is nothing to 
overcome.” 

Strange how some men will twist things 
which they do not understand into all 
sorts of shapes and pretend to get mean- 
ings from plain statements of fact that 
could not be conceived by anyone who 
reads correctly. I did not say there was 
nothing to overcome. I said the balanced 
pressure on the back of a valve depends 
not on the area of the valve but on the 
area of the ports covered by the valve. 
To the best of my knowledge and belief 
this fact which needs no proof was dis- 
covered experimentally by Mark Lester, a 
Mississippi river steamboat engineer about 
sixty years ago. 

He conceived the idea of balancing the 
slide valves of his engines by means of a 
diaphragm in the steam-chest cover to 
which the valve was attached by a short 
chain which swung like a pendulum as the 
valve traveled from one extreme position 
to the other. 

He expected that the upward pressure 
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on the diaphragm would balance the 
downward pressure on the valve, and re- 
duce the power needed to move it. He 
made the first diaphragm of an area 
equal to the area of the valve with the 
result that the valve was suspended in 
the steam chest and would not touch the 
seat at all. He then reduced the area 
of the diaphragm to that of the area of 
the ports covered by the valve. As soon 
as the valve moved enough to uncover 
one of the ports the valve was again lifted 
from the seat, and it was only when the 
area of the diaphragm was reduced to the 
area of the ports covered all the time by 
the valve, i.e., the exhaust port and one 
steam port, would the valve remain on the 
seat throughout the stroke, proving clear- 
ly that it was the area of the open ports 
under the valve that determined the pres- 
sure holding the valve to its seat and to 
what extent it was pressed to its seat. 
Mr. Clapper further says: 

“Let us consider a valve, as this writer 
suggests, that is doing nothing in the port- 
closing line, but is ground to a perfect 
bearing on its seat. We will say that the 
area of contact of this valve with its seat 
is 100 square inches, and there is steam 
pressure of 100 pounds per square inch; 
making a total pressure of 10,000 pounds 
on the valve. If instead of expesing it to 
steam pressure we were to put a weight 
of 10,000 pounds on it, does the writer 
of the article referred to contend that it 
could be moved on its seat as easily as 
before it was weighted? I have the er- 
roneous idea that it could not.” 

No! A slide loaded with a 10,000- 
pound weight would not move as easily 
as one with no weight at all and the valve 
that does “nothing in the port-closing 
line” has no more pressure on its back 
than elsewhere. In fact it is balanced. 
If before bringing up false arguments 
which do not bear on the case at all he 
had tried the experiment I suggested with 
the Corliss engine valve he would never 
have written what he did. Finally he 
says: 

“If there is any difference between the 
two cases cited, in so far as the pressing 
of the valve to its seat is concerned, I 
should like to have it pointed out. Again, 
anyone who has had experience scraping 
or grinding two surfaces to a bearing 
knows that it requires considerable force 
to separate them when the contact is 
perfect. This is due to atmospheric pres- 
sure on the surfaces opposite those in 
contact. 

“Or, is this another erroneous idea?” 

There is all of the difference in the 
world between the two cases. In one 
case the weight acts in one direction 
only; in the other the valve is entirely 
surrounded by the medium which presses 
equally in all directions. And if he will 
investigate scraped surfaces he will find 
that atmospheric pressure has nothing at 
all to do with the case. It is simply ad- 
hesion the: force of which may be in- 
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creased or diminished by the interposition 
of different lubricants between the sur- 
faces. If the ground or scraped surfaces 
which he mentions are wet with water it 
will be found that they will move upon 
one another with considerable friction, 
while if covered with oil they will slide 
freely but can be separated only by the 
use of considerable force. 

The statements I have made are not 
guess work, but the statements of per- 
sonal experience and observation, and 
when Mr. Clapper writes only of those 
things which he knows his communica- 
tions will read much differently from what 
they do now. 

C. W. HARTLEY. 

Saugus, Mass. 








Kerosene for Cleaning Refrigerat- 
ing Coils 








In the discussion of kercsene as a 
scale remover I want to mention a use to 
which kerosene oil can be used with the 
absorption refrigerating machine. 

In using it it is convenient to have a 
three-way cock the size of the coils and a 
short piece of steam hose with a union 
at one end. 

If there is but one machine, cut out one 
coil and take out the plugs at top and 
bottom. If the opening is horizontal on 
top, screw in a short nipple and elbow. 
Empty a small quantity of kerosene into 
the top of the coil until it commences to 
drip at the bottom; by introducing the oil 
slowly it has a chance to soak its way 
all around the inner circumference of the 
coil. 

The three-way cock is connected to the 
steam and water supply with a common 
outlet connected to the steam _ hose. 
The union on the steam hose permits 
of connecting to the different coils with- 
out disturbing the other connections. 
After connecting to a coil, admit steam 
and water alternately, letting the steam 
run until the coil is fairly dry at the bot- 
tom, and water until it shows fairly cool. 
‘Blowing into a pail at the bottom will 
show how much scale is coming down. 

If it is necessary to clean a condenser 
coil with a machine in operation, be sure 
to have the anhydrous as low as possible 
in the condenser. The steam passing 
through the coil in the anhydrous will 
evaporate it and cause the head pressure 
to rise possibly to a dangerous point. 

I am using a well water that has large 
quantities of magnesia, I first tried a so- 
lution of soda ash circulated through one 
coil at a time for an hour, then blowing 
out with steam and water. I got the 
scale out, but got a hole in one of the 
coils, 

Then the manufacturers recommended 
fcreing small quantities of fine gravel 
‘through the coils with water or com- 
ressed air. As I had no air of more than 
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30 pounds pressure I used water. It 
was slow work, and slower still when I 
spent two nights and a day getting a 
“plug” of that gravel started. 

I am now using kerosene, and have 
very good results. I let the kerosene 
soak in for two hours and with fifteen 
minutes of the steam and water I have a 
clean coil. 


W. C. REEb. 
Pittsfield, Mass. 








Piston Speed Puzzle 
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have to be closed a little when drawing 
from the head, and opened a little when 
drawing from the lift. 

The surplus energy of the head is used 
up in forcing the water through the open- 
ing of a partly closed value. The vacuum 
in the condenser is constant, the amount 
of water needed remains constant, and 
the lift or head varies. Therefore, some 
obstruction must be placed in the pipe 
that will use up the energy of the higher 
water levels. 

R. MANLEY ORR. 

Brantford, Ontario. 








Webster Tallmadge brings up the ques- 
tion of piston speed. Referring to the 
accompanying sketch, A shows the posi- 
tion of the crank pin when the piston is 
at mid travel; B equals the distance the 
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crank pin travels while the piston travels 
the back half of the stroke and returns to 
mid position; C equals the distance the 
crank pin travels, while the piston travels 
the front half of the stroke, and back to 
mid position. 

It will be seen that the distance B is 
less than C, therefore it will take less 
time for the crank pin to travel B than it 
does C, which shows that the piston 
will travel faster at the back half of the 
stroke then it will at the front half. 

P. C. ZIMMERMANN. 

Hamilton, Ohio. 








Does a Suction Head Help a 
Condenser? 








The level at which a jet condenser is 
placed should be such that the vacuum 
which it maintains is more than sufficient 
te cause the condensing water to flow to 
it. Therefore, there can be no gain in 
taking water from an elevated point. 

The surplus energy of which Mr. 
Thompson speaks, page 879, November 
23 issue, does the same as the water 
going over the top of a dam or waterfall; 
it gets by without doing any useful work. 

L. C. TUCKER. 

Newburyport, Mass. 

The condenser will require a certain 
amount of injection water, and whether 
it comes from a head or a lift will have 
no effect on the quantity used. If water 
is to be used (say alternately) from a 
head and a lift, the injection valve will 


What Caused the Flywheel Ex- 
plosion at Scranton 








While reading Charles J. Mason’s arti- 
cle, in the November 23 number of PoWER 
AND THE. ENGINEER, on the above sub- 
ject it brought to my mind a little experi- 
ence with a 10x12-inch high-speed en- 
gine, running about 300 revolutions per 
minute and driving a 50-kilowatt gener- 
ator, 400 amperes. The engine was in all 
about the same size as the one spoken of 
at Scranton, and equipped with a Rites 
flywheel governor. 

In changing over to put on a turbine- 
exciter unit, the load being removed, the 
engine started to run away, and before I 
got the throttle valve closed it was im- 
possible to see the valve rod, driving rod, 
or any of the moving parts as the engine 
was running at a terrific speed. After 
shutting down, the first thing I looked at 
was the grease cup on the governor pin, 
which I found to be empty, and decided 
this to be the cause of the engine speed- 
ing up. 

After filling the grease cup and forcing 
about a cupful of grease onto the gov- 
ernor pin, the cup was filled the second 
time and the engine again started; the 
load was thrown on, then taken off, this 
operation being repeated three or four 


times. The engine showed no signs of 
increasing its speed, governing itself 
perfectly. 


This should be a lesson to all operating 
engineers having a high-speed engine 
in their charge, for the governor pin plays 
an important part in the regulation of 
the engine and should be kept well lubri- 
cated, as a dry governor pin will cause 
very poor regulation at times. 

W. G. BARNARD. 

Hartford, Conn. 








A gasolene engine having the degree 
of compression ordinarily used for gaso- 
lene mixtures (about 70 pounds gage) 
will in general require 50 per cent. more 
denatured alcohol than gasolene per 
brake horsepower-hour. This is due to 
the fact that compression for alcohol 
mixtures should be carried to 180 pounds 
gage to obtain maximum results. 
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Transmission of Heat 








So far as known to science, heat en- 
ergy is transferred from one body to 
another in two ways: by radiation, as 
a body is warmed by the sun or the 
blaze from an open fire; and by contact, 
as we are warmed or chilled by a draft 
of air blowing upon us. Within a single 
body itself, heat is also transferred in 
two ways: by conduction, from particle 
to particle in solid bodies; and by con- 
vection, in fluids whese particles are 
mobile and free to move amongst each 
cther. In the typical case of a boiler 
setting with a fire ablaze in the furnace 
or firebox, the incandescent fuel bed and 
the volume of flame full of incandescent 
carbon are heating the shell by radia- 
tion: the extinct hot gases resulting from 
a complete combustion can only heat 
by contact with the metal. The outer 
layers of the shell heat the inner layers 
by conduction: the water lying close to 
the metal and warmed by contact with 
it becomes displaced by the cooler and 
heavier water seeking to find the lowest 
Place, and by the currents due to this 
circulation a process of convection of 
heat is carried on, causing the mass of 
water to become heated uniformly 
throughout (or nearly so). Any factors 
tending to retard or prevent the rapid 
conduct of the radiation, contact, con- 
duction and convection of the heat activity 
retard the transmission of the heat— 
or, in this case, the making of steam. 
The transfer or transmission of heat 
energy is always and normally downward 
on the scale of intensity of such energy; 
that is, the hotter or more active body 
tends to heat up the colder one. So far 
as known, the cooler body is never cool- 
e: after being exposed to conditions 
favorable to a transfer, nor is the hot- 
ter body ever hotter after contact or op- 
portunity to give and receive heat by a 
radiation. This is true even in cases 
where the phenomena are those of re- 
frigeration. It is the cooler mass of the 
refrigerant brine in the circulating pipes 
which is warmed by the masses to be 
cecoled or frozen, and the latter are 
transferring their heat to the cooling 
medium. Hence a useful and con- 
venient analogy has been much used, 
whereby the temperature or the heat en- 
ergy are compared to a hydraulic head 
as of water in a vertical pipe. When 
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that head is high, or rather when the 
difference of heat conditions of the two 


nasses is great, then the transfer pro- 
cess is rapid and intense. As the heat 
condition equalizes between the two, the 
transfer process slows down and finally 
ceases. This simile is also suggestive 
of the existence of a thermal resistance 
of matter, a quality which causes the 
ease of transfer to vary either with some 
physical property of the body itself, or 
with some conditions of the lccation of 
the hotter and cooler body relatively to 
each other. So that if the problem be 
assumed to be that of the steam boiler 
in its setting, and the unit to be studied 
assumed to be one cubic inch of 
flame volume in the firebox or combus- 
tion chamber, it will be apparent that in 
the transfer process such quantity of 
heat to reach the interior of the water 
mass will have to: 


is 


1. Radiate through all inches of 
distance between itself and the plate. 
Radiation is effective directly as the 


distance between the inch of flame and 
the shell; hence, if the flame can be 
kept hot enough not to go out by lowered 
temperature, the smaller the flame pass- 
ages the better, when such flame pass- 
ages are heating surface. So far as 
known, the radiating effect of any inch 
of flame is not interfered with by the 
activity of all other inches; hence, the 
bigger the flame the more effective for 
steam making. This explains why soft 
coal makes better steam coal than short- 
flame anthracite. 

2. This radiating influence lasts until 
the cubic inch of gas is burned to 
invisible gas, or is so cooled in the trans- 
fer as to be no longer able to burn; or 
until the boiler shell is at such a high 
temperature that no further transfer 
from the flame can occur. The same 
cessation of transfer may occur under 
a fourth alternative, which is in the 
flow of the flaming gas from grate to 
chimney, the cubic inch under study had 
to leave the vicinity of receptive heat- 
ing surface before it had had a chance 
to transfer all its available heat. Such 
heat is wasted up the chimney stack; 
the heating surface was not large 
enough, and a flue heater or economizer 
is suggested; or a thinner plate would 
have been better, allowing more rapid 
transfer during the time of the passage 
of that cubic inch of flame. In the first 


two alternatives, the cubic inch is now 
hot gas only and not flame, and heats 
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by contact. So far as known, hot gases 
carrying no flame do not radiate heat; or, 
if they do, it is at a negligible degree 
and rate. Now in contact transfers, ex- 
perience shows that two resistanccs are 
offered at the surface of the receiving 
body. The first is a film adhering to 
the surface by a sort of capillary action, 
and acting as a nonconducting coating. 
This can only be swept away by strong 
draft in the gas, but is probably never 
completely eliminated. In the cocling 
surfaces of condensers (which are heat- 
ing surfaces), this gas film or film of 
adhering water is most effective in re- 
tarding transfer, and heating and cooling 
tubes are more effective when placed 
across the flow of gas than when they 
are in the line of it, because in the 
former case the film is torn off more 
completely. 

3. The other retarding influence is 
a nonmetallic layer of dirt or soot or tar 
or any mineral matter present mechani- 
cally to slow up the process of transfer 
in the time allowed. This applies to 
shell and to tubes. 

4. Then comes the process of con- 
duction of heat from the outer hotter 
layers of the boiler shell to those nearer 
the water. This is quite rapid and is 
uniform. And it is here that the thinner 
piate is of advantage because the thin- 
ner the plate, the more nearly are the 
ovter layers at the lower temperature of 
the water as compared with that of the 
gas. 

5. Then follows a contact transfer 
from metal to water within it, retarded 
as before by a lack of circulation speed, 
to keep the water film from adhering too 
long to the plate, and by the (6) pres- 
ence of any mineral scale precipitated 
from the feed water. 

7. Finally there is the convection 
process within the mass of water itself 
whereby any cubic inch of water therein 
receives to itself the heat transferred to 
the plate and reaching. the films in (5) 
and (6) above. 

While the foregoing analysis is not 
new to students of the problem, and will 
be found in certain textbooks in use in 
America, it receives especial interest at 
this time by reason of a most laborious 
and pains-taking research just completed 
in England and reported for record to 
the Institution of Mechanical Engineers 
by Prof. William Ernest Dalby, of the 
Central Technical School, cf London. A 
very wide investigation has been car- 
tied into the bibliography of the sub- 
ject, and abstracts of papers and experi- 
ments have been critically made and de- 
posited in the library of the institution 
in London. These abstracts have been 
indexed, and such index is a paper to be 
incorporated into the transactions of the 
year 1909-10. The scope of topics covers 
combustion and flame, radiation, con- 
Guctivity, circulation, heating surface, 
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boiler-efficiency temperatures and super- 
heaters. The sources are mainly Euro- 
pean and continental, although work of 
the American locomotive-testing plants 
finds place under the class of efficiencies 
and special locomotive problems. No 
mention is made of some very interesting 
American work on treating the surface 
of metals with acid to modify the film 
action and prevent transfer of heat to 
metal within the engine cylinder. The 
late Charles E. Emery did some most 
instructive work with glass-lined cyl- 
inders at the old Novelty Iron Werks of 
New York City, to obtain constants for 
such transfer. There is also no refer- 
ence to the large body of literature in 
the United States on the transfer of 
heat through nonconducting coverings 
around steam pipes. A study of Profes- 
sor Dalby’s paper will be instructive to 
all interested, and is particularly to be 
commended as a model to those who 
may intend to conduct experiments in 
this (or in any other) field. The first 
step in well ordered experimentation is 
au modest and open-minded study of what 
cthers have already done. 








The Government’s Factor of Safety 








At the present time, States and munic- 
ipalities all over the land, are wrestling 
with bills and ordinances relating to 
the inspection of steam boilers. In such 
bills, the most important thing is the 
stipulation of pressure. This matter is 
well understood by all engineers worthy 
of the name, but time and time again, 
the efforts of these engineers to get a 
cood bill in the matter of pressure are 
frustrated by some politician who will 
arise and address the meeting about as 
follows: “Gentlemen, I’m of the opinion, 
that what’s good enough for Uncle Sam, 
is good enough fer us (cheers). I be- 
lieve that if we follow the flag (loud 
cheers)—the flag, gentlemen, which, 
planted on the bloody field of Lexington, 
flutters in the breezes that waft the per- 
fume of liberty to our island possessions 
beyond the sea—” (vociferous and pro- 
longed cheering). Thereupon it _ be- 
comes the sense of the meeting to adopt 
the Government rule of ‘Multiply one- 
sixth the tensile strength, etc.,” for the 
establishment of pressure on steam boil- 
ers! All this may be patriotism, and it 
may get votes, but it is not common 
sense. 

The present Government rule is so 
obselete, so incomplete, so inconsistent, 
that were it not also dangerous, it would 
be silly. It is so ridiculous that, as 
pointed out on page 874 in these col- 
umns for November 23, the Government 
itself is specifying that its boilers shall 
not be built under its own rules, while 
in his annual report to the secretary of 
Commerce and Labor for the year end- 
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ing June 30, 1905, the supervising in- 
spector general in speaking of the Gov- 
ernment’s factor of safety says: “It has 
long since passed the period of its use- 
fulness, and is no longer adequate to 
meet the conditions it was designed to 
govern.” 

The rule is incomplete, because it 
does not take into consideration the effi- 
ciency of the longitudinal seam. If there 
is no longitudinal seam, the rule is all 
right and gives a factor of safety of 6; 
but there always is a seam, and if its 
efficiency is 70 per cent., the factor of 
safety is not 6, but 70 per cent. of 6, or 
4.2, while if the seam has an efficiency 
ef 55 per cent., the factor is but 3.3. 

The superb fatuity of the rule seems 
to culminate in this—that if one finds 
that a double-riveted shell will not give 
the pressure wanted, and has the boiler 
built triple-riveted, he is not allowed one 
extra pound of pressure, nor if the shell 
is built with butt joints with double 
covering strips, and the whole triple 
riveted, or even quadruple riveted with 
its eight rows of rivets—nay, even with 
a most approved joint of 98 per cent. 
efficiency—one is not allowed an extra 
round of pressure over that stipulated 
for the double-riveted lap scam. 

To the natural question, why are such 
things allowed to be, the answer is 
that the ship owners who do not want 
the bill changed, block all efforts of 
Congress to bring this very desirable 
end about. It may be said that in the 
past the Government rule affected only 
those who chose to be so affected, but 
now, when States and municipalities are 
waking up to this question, the Govern- 
ment rule is having a pernicious in- 
fluence en the whole country greater than 
ever before, and it is high time that the 
untiring efforts of those who have sought 
tc have the law changed should bear 
fruit. We do not advise jamming through 
a rule which would tie up half the boats 
on the Mississippi river; let the old boats 
work out their own salvation, but adopt 
a safe and sane rule which shall apply 
only to new boilers built after the pass- 
age of the new rule. 

As to the ease with which the present 
bad law could be changed to a new good 
law, all that would have to be done 
would be, roughly, to add three letters, 
namely, “net.” Then the rule would 
refer to the strength of the net plate and 
not to the plate. And the inspectors 
would not have to worry about the boiler- 
makers not putting in good joints, for 
then there would be the premium of 
greater allowable pressure, for good de- 
sign. Then too, the apparent, or fancied 
factor of safety of six, could be changed 
for a real factor of 4% or 5. 








Under no circumstances should a stop 
valve be permitted between the boiler 
end its safety valve. 
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Efficiency Tests of Melville Gear 
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When the Melville and Macalpine ex- 
perimental reduction gear was first 
erected and started on September 7, 1909, 
extensive preparations had been made to 
determine the efficiency of the apparatus 
on the assumption that there might be a 
transmission loss of at least 5 per cent. 
After calculating the results of a few 
preliminary trials, it was found that the 
apparent efficiency was over 98 per cent., 
and this raised the perplexing question 
as to how to determine this unexpectedly 
small transmission loss with a satisfying 
degree of exactitude. 

According to H. E. Longwell, an endur- 
ance test at maximum load and speed was 
started at 3.15 p.m., on October 16, 1909, 
and continued until 7.15 a.m. on October 
18, or a total of 40 hours. The load was 
applied by the hydraulic dynamometer 
described elsewhere in this issue. Dur- 
ing this trial the following average condi- 
tions were maintained: 


Wet woes Oni. scale, 1D ic és occ ccetices 4055.4 
ES reer ei aris 300.6 
TATA TGTRODO WEF... 2.0 c.6.0c sec ccs cccces 6048 


There was nothing in the operation of 
the gear to indicate that this load might 
not be carried indefinitely. 

There being no way in which to meas- 
ure the indicated horsepower of a steam 
turbine, it became necessary to establish 
the exact brake horsepower in some other 
way. There is one characteristic of the 
steam turbine that makes it possible to 
calibrate any particular machine, in such 
a way that its output in effective horse- 
power at any instant may be determined 
with greater accuracy than it is possible 
to determine even the indicated horse- 
power of a reciprocating engine. As long 
as the speed and exhaust pressure are 
maintained constant, the absolute inlet 
pressure of commercially dry steam, at 
any instant, is a very accurate measure 
of the brake horsepower the turbine is 
developing. 

By substituting for the reduction gear 
a dynamometer connected directly to the 
turbine shaft, and operating the turbine 
at a fixed speed, and with a constant vac- 
uum in the exhaust pipe, the inlet pres- 
sures corresponding to different loads at 
this speed may be determined. 

Plotting these observations on a dia- 
gram in which the ordinates represent 
absolute pressures per square inch, and 
the abscissas represent brake horse- 
powers, and drawing a line through the 
several points, a scale is obtained by 
means of which the horsepower corre- 
sponding to any inlet pressure may easily 
be read. 

Table 1 gives the observed absolute 
inlet pressures, loads on scale, and cal- 
culated brake horsepowers over a consid- 


erable range above and below 5000 horse- 
power. From these observations and cal- 
culations a calibration curve similar to 
that shown, was drawn to a large scale, 
so that small differences of loads and 
pressure could be read accurately. With 
the reduction gear connected to the tur- 
bine, a number of observations were 
made of the absolute inlet pressures cor- 
responding to practically the same range 
of loads transmitted through the gear to 
the slow-speed hydraulic dynamometer. 


——s 


about 10 pounds, through the bearings, 
and through a spray which plays continu- 
ously on the teeth of the wheels. The 
transmission loss in the gear, therefore, 
appears as heat in the oil. The heated 
oil coming from the gear is passed 
through a cooler which is very like a 
surface condenser with cold water circu- 
lating through the tubes. By measuring 
the quantity of oil circulated and noting 
the rise in temperature in passing through 
the gear, a close approximation of the 














TABLE 1. 
Inlet Pressure, . Dead Weight 
Absolute. Gross Weight on Scale.| on Scale. | Net Weight on Scale. | Brake Horsepower. 
109.6 3585 385 3200 3675 
114.8 3755 385 3370 3880 
119.3 3925 385 3540 4076 
124.3 4095 385 3710 4271 
128.8 4265 385 3880 4467 
133.3 4435 385 4050 4663 
139.3 4690 385 4305 4956 
143.8 4860 385 4475 5152 
147.3 5030 385 4645 5348 
151.8 5200 385 4815 5543 
157.8 5455 385 5070 5837 




















In these tests, as well as in the turbine 
calibrations, at every load before reading 
the inlet pressure, the speed of the tur- 
bine was brought exactly to 1500 revolu- 
tions per minute as indicated by a vibra- 
tion tachometer, and the vacuum adjusted 
to exactly 22.78 inches corrected to a 
barometric pressure of 30 inches. 

In Table 2, column 1, are the observed 
absolute inlet pressures corresponding to 
the different loads transmitted through 
the gear as set down in column 5. In 
column 6 are given the horsepowers of 
the turbine alone corresponding to the 
same inlet pressures, as determined from 
the calibration curve. Obviously, the 
quantities in column 5 represent the 
power output of the gear, and those in 


number of B.t.u. lost per hour in friction 
is obtainable. 

At a load of 5088 horsepower delivered 
by the gear, 591 pounds of oil were cir- 
culated per minute, with an average rise 
in temperature of 9.86 degrees Fahren- 
heit. The specific heat of this oil is 0.47, 
and consequently the total heat absorbed 
per hour is 


591 x 0.47 « 60 = 164,208 
B.t.u. As 2545 B.t.u. per hour is the 
equivalent of a horsepower, the total heat 
accounted for in the oil is 

164,208 

2545 
The brake horsepower being 5088, and 
64.17 horsepower being accounted for by 


= 64.17 brake horsepower. 














TABLE 2. 
B.eP. of 
B.H.P. Turbine from 
Inlet Pressure, |Gross Weight|Dead Weight] Net Weight | Delivered by | Calibration 
Absolute. on Scale. on Scale. on Scale. Gear. Curve. Efficiency. 

111.8 2900 388 2512 : 3712 3771 98.7 
122.3 3200 388 2812 4156 4197 99.0 
132.3 3480 388 3092 4576 4623 98.9 
142.3 3791 388 3403 5036 5108 98.7 
152.3 4100 388 3712 5486 5567 98.5 
162.3 4400 388 4012 5927 6057 98.7 


























column 6 represent the power input. The 
quantity in column 5, divided by the 
quantity standing against it in column 6, 
gives the efficiency as it appears in col- 
umn 7, 

While the efficiencies as calculated 
from these observations are consistent 
and uniform over the whole range of 
observations, a check of the efficiency fig- 
ures was made as follows: 

The gear is lubricated by circulating 
a copious supply of oil under a head of 


the heat in the oil, the efficiency by this 
method of calculation would be 
5088 
5088 + 64.17 
Giving due weight to both methods 
of measurement, it is quite evident that at 
approximately 5000 horsepower, with the 
turbine running at 1500 revolutions per 
minute, the efficiency of the gear is more 
than 98.5 per cent. 


= 98.75 per cent. 


extensive determinations show an effici- 
ency of 98 per cent. 


Less elaborate and - 
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Improved Valve for Locke Regu- 
lator 
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The illustration shows the design of 
the improved water valve of this regu- 
lator, which is the most important part. 
Heretofore, the spindle of this valve 
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SECTIONAL VIEW OF IMPROVED VALVE 


worked through closely fitting rings at 


both top and bottom of the valve, which 
was liable to become roughed up and 
Stop the operation of the regulator. In 
the improved valve both are done away 
with. An oil cup A is formed about the 
Spindle at the top, having a soft felt 


Waser B at the bottom of the chamber 


v 


which allows the spindle to work in oil, 
keeping it perfectly lubricated. 

By dispensing with the closely fitting 
lower portion of the spindle C, and using 
it simply as a guide, another source of 
trouble is got rid of, as it was continually 
coating up with iron rust, causing it to 
stick, and when the valve became worn 
and leaky the water that escaped around 
the spindle went to waste. No leak can 
exist at this point now as the exhaust 
chamber D has the full pressure of water 
where it acts beneath the end of valve 
spindle C, greatly assisting in the opera- 
tion of the regulator. 

The improved valve is gotten out by the 
Locke Regulator Company, Salem, Mass. 


An attempt was made to show the dif- 
ference in transparency of the two 
glasses by taking a photograph of them 
standing endwise in front of a printed 
page. Although there was some differ- 
ence in the legibility of the type under the 
two glasses, this difference was not great 
enough to show in a reproduction of the 
photograph. 

To allow for changes of temperature 
and for expansion and contraction the 
Sonderglas is composed of two tubes 
fused into one. It is claimed that this 
method of manufacture adds to the pres- 
sure-resisting qualities of the glass and 
produces a product which will be un- 
affected by alkalies or acids. 








A Clear Gage Glass 


Angular Variation Indicator 








Around the steam plant many accidents 
are caused by the breaking of gage 
glasses. The flying particles of glass 


The accompanying engravings illus- 
srate the construction of an instrument 
for indicating variations in the rotational 
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‘““SONDERGLAS” ScotcH GLAss 


often cause a bad cut, or a bad scald 
may be obtained from the escaping hot 
water or steam. The importance, there- 
fore, of using a gage glass designed for 
modern pressure is apparent. It is also 
important to have a gage glass that re- 
mains clear and does not become cloudy 
or obscured, so that the water level will 
be plainly visible at all times. These 
features are claimed for the new German 
compound water-gage glass, known as 
“Sonderglas,” and supplied by A. W. 
Chesterton Company, 64 India street, 
Boston, Mass. 

From the accompanying photograph it 
is evident that the Sonderglas is much 
clearer than the usual Scotch glass. The 
circle at the left is an end view of the 
Sonderglas, and the one at the right an 
end view of the Scotch glass commonly 
used. There is a considerable difference 
in the transparency of the two, and this 
is more evident when looking at the 
originals. 
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ANGULAR-VARIATION INDICATOR 


velocity of reciprocating engines or any 
other revolving machine that does not 
rotate at a uniform rate. The instrument 
was designed to meet the need of some 
simple means for determining the varia- 
tions in angular velocity of reciprocating 
engines intended for driving alternators 
in parallel. It consists, broadly, of a 
heavy flywheel arranged to be driven by a 
pulley through a “floating” bevel-gear 
system, and a pointer which indicates dif- 
ferences between the speed rate of the 
pulley and that of the flywheel. 

Fig. 1 is a front view, showing the dial, 
flywheel and one edge of the pulley; Fig. 
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2 shows the pulley end and the floating 
gear arrangement between the pulley and 
the flywheel. The sectional view, Fig. 3, 
gives a clear idea of the rotation between 
the various parts. The pulley C, which 
is of the step type with two diameters, 
drives the bevel gear E through the 
feather J, the hub of the gear being ex- 
tended to form a hollow shaft for that 

















Fic. 2. REAR VIEW OF ANGLEMETER 


purpose. The main shaft A carries a 
lateral stud D on which revolves the in- 
termediate gear H; this gear transmits 
the motion of the pulley to the flywheel 
B, which has a bevel gear cut in its hub. 
The stud D is extended downward nearly 
to the base and its end plays between 
two stops on the base, one of which ap- 
pears at K. 

The pointer O is connected to the 
spindle A through a delicate multiplying 
gear consisting of two pinions G and G’ 
and two segmental racks F and F’. Con- 
sequently, any oscillation of the spindle 
A is magnified 100 times at the needle O. 
A spiral spring X tends to hold the pointer 
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Fic. 3. LONGITUDINAL SECTION OF 
ANGLEMETER 


at zero, and when it is in that position the 
end of the stud D is midway between 
the two stops on the base. 

So long as the speed of the pulley is 
constant, the spring X will hold the 
pointer at zero. If the pulley speed 
should decrease momentarily, however, 
the flywheel B will continue to revolve at 
the old speed and the dropping behind it 
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of the pulley speed will cause the bevel 
gear H to swing the stud D out of its 
central position; this motion will be in- 
dicated, of course, by the pointer, and 
magnified 100 times. 

The instrument is driven by an endless 
belt of special cotton tape which is prac- 
tically inelastic and therefore transmits 
speed variations of the prime mover with- 
out modifications. The two pulley diam- 
eters are provided in order to apply the 
instrument to prime movers of widely 
different speeds; one is 6 inches and the 
other 3 inches in diameter. When the 
instrument is driven by an engine pulley 
7.2 times the diameter of its own pulley, 
the pointer indicates angular variations 
directly; each large division of the scale 
on the dial then represents one minute 
and each small division 10 seconds of 
angular “swing” at the engine shaft. 

The instrument is manufactured by the 
Sargent Steam Meter Company, Chicago, 
and is known as the Sargent indicating 
anglemeter. 








Twin Vertical Air Pump and Jet 
Condenser 








The twin air pump and condenser, 
shown in front and back views, Figs. 1 
and 2, is manufactured by the Blake 
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Pump and Condenser Company, Fitch- 
burg, Mass. 

It consists of twin vertical steam cyl- 
inders, when made to run noncondens- 
ing, and compound steam cylinders when 
designed to run condensing. The cylin- 
ders are, on the pump illustrated, 18x24 
inches, the water cylinders being 34 
inches in diameter and are double act- 
ing. They are constructed with Tobin 
bronze lining, and the water pistons are 
of composition metal. The same may be 
said of the suction and discharge valve 
decks with which valve seats are cast 
solid, although cast-iron decks may be 
used by screwing in composition valve 
seats in the usual way, when cheaper 
construction is required. 

The water piston, head packing and 
water valves are made easy of access, 
through a handhole on each side of the 
pump. The valves are held in place by 
saucer-shaped guards and Tobin bronze 
studs with lock nuts, and are operated 
without the aid of springs. Tobin bronze 
is used for the water piston rods, while 
steel is used on the steam piston rods. 

In Fig. 1 is shown the valve gear and 
general design of the rocking beam, in 
which crossheads are fitted at each end, 
forming a Scotch yoke for the composi- 
tion slide blocks to work in. The control- 
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ling valve is of an improved steam-actu- 
ated type, on which patents are pending. 

The location of the condenser valve is 
shown in Fig. 2. The injection rod is 
nade of Tobin bronze, the cone being of 
composition metal, the same being oper- 
ated by bevel gears having a ratio of 2 to 
1. They are accessible through flange 
openings below and the vacuum breaker 
opening above. 

The amount of water passing through 
the condenser is regulated by the vertical 
adjustment of the injection cone, which 
acts as a nozzle to form a thin spray, 
which is thrown out at an angle of 45 
degrees. As this water falls on a shelf 
it forms a secondary spray through which 
the steam from the engine must pass. 

The injection and water of condensa- 
tion flow through the bottom of the con- 
denser by gravity into the pump. 

To prevent flooding of the engine, a 
new design of independent balance-valve 
vacuum-breaker attachment is secured to 
the side of the condenser. When the wa- 
ter reaches the level of the float chamber, 
a float raises the check valve, which allows 
an inrush of air, which breaks the 
vacuum and prevents further drawing of 
water into the condenser. 

The particular unit from which the 
photographs were taken was _ recently 
shipped to the Boston Elevated Railroad 
Company to be used in connection with 
one of their 5000-horsepower vertical- 
type engines. 











Westinghouse Three-Phase Trans- 
former 




















Fig. 1 herewith shows the “working” 
f a three-phase transformer built 

Fic. 2. BAcK VIEW oe < : 
by the Westinghouse Electric and Manu- 
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facturing Company, Pittsburg, Penn. 
The transformer consists of three cores 
or legs joined by a common yoke piece at 
the top and bottom and each carrying the 
primary and secondary windings for one 
phase of the three-phase circuit. In 
other words, each coil (comprising one 
primary and one secondary winding), 
with its core and share of the yokes, is 
the equivalent of one of the transformers 
used in the familiar triple-transformer 
arrangement. 

The three-phase transformer is much 
lighter in weight than three equivalent 
single-phase transformers and its losses 
are less, because of the fact that each 
two cores form a return magnetic cir- 
cuit for the third core, and therefore 
there is much less active iron required 
than for three separate transformers. 

Fig. 2 shows the external appearance 
of the transformer, which is not greatly 
different from that of a _ single-phase 
transformer. The case is of corrugated 
cast iron like that of the Westinghouse 
Type S single-phase transformer. The 
three high-tension leads enter the case on 
the front side, away from the pole to 
which the case is attached, and the low- 
tension leads enter on the opposite or pole 
side. Separate terminal blocks are pro- 
vided for the high-tension and low-ten- 
sion leads of each of the three phases. 
The low-tension winding on each leg is 
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Demon 2-inch Tube Cleaner 








A new form of clearer for small tubes 
is herewith illustrated, Fig. 1. The prin- 
cipal obstacle in the way of the manu- 








Fic. 2. SECTIONAL VIEW 


facturers of mechanical tube cleaners has 
been the problem of designing a motor 
small enough to enter the tube and yet 
which would develop an abundance of 
power to remove the scale in a reason- 
able time. 

Referring to the sectional view, Fig. 2, 
it is seen that the hydrostatic pressure 
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Fic. 3. PARTS OF MOTOR 


divided into two parts which may be con- 
nected in series or in parallel, as is com- 
monly done with single-phase trans- 
formers. 


is used directly upon 


piston area can be secured. 


rotary pistons, 
which are arranged lengthwise or parallel 
with the tube so a comparatively large 
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The motor consists primarily of a body 
and a main shaft located centrally. 
Hinged longitudinally with the shafts are 
three pistons, which are so arranged that 
the water automatically throws each one 
in turn in its working position and each 
piston folds in when the water has rotated 
the piston to the exhaust port. The result 
is that this small cleaner develops suffi- 
cient torque or twisting power to remove 
quickly and thoroughly any incrustation 
which may be found in these tubes. The 
different parts of the motor 2-inch cleaner 
is shown in Fig. 3. 

In order to produce a uniform action 
of the cutter head on all sides of the 
tube the cleaner is held centrally in the 
tube by centering lugs. The cutters are 
mounted on two arms or shafts which 
are pressed tightly against the scale by 
stiff springs within the cutter-head body. 
In this way the cutters are forced to cut 
and cannot slide over and pass by the 
scale. 

The cleaner is manufactured by the 
General Specialty Company, 887 Niagara 
street, Buffalo, N. Y. 








A Combination Tool 








The combination tool, shown in the 
illustration, weighs 2’4 pounds and con- 
sists of wire pliers, with side jaw wire 
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COMBINATION TOOL 


nippers, alligator wrench, hammer, nip- 
pers, gas-pipe wrench, friveter, vise, 
screwdrivers, reaming awl, tack and nail 
puller; a whole kit of tools in one. 

It is made by the Mansfield Machinery 
and Supply Company, Mansfield, O. 
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The only thing about perpetual motion 
which cannot be stopped is the attempt 
to invent it. A. T. Markwood, of John- 
son City, Tenn., is the latest wizard who 
has tapped the rock of imperturbable 
nature and made it yield power for noth- 
ing. According to the Chattanooga Times, 
the principles on which this machine is 
to be made to go (note the future 
tense), have been chasing through the 
brain of the inventor and now they are 
being put into visible shape. In run- 
ning this new machine neither coal nor 
fuel of any kind will be required, but 
like a mighty giant it will have its own 
power. You have only to touch a but- 
ton and the machine moves, until by 4 
magic press on the button the invisible 
spirit of motion is made to cease. 
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INQUIRIES OF 
GENERAL INTEREST 


















An Idler with a Riding Belt 








We have a 22-inch double belt, with a 
16-inch double rider, transmitting from 
180 to 190 horsepower and arranged as 
in the accompanying sketch. When the 
idler is raised into contact with the belt, 
the 16-inch rider runs off. Should the 
idler pulley be convex, concave or flat 
face, with or without flanges? 

Gc & & 

The idler may be either flat or con- 
vex, but must not be concave and must 
not have flanges. The essential thing is 
that its axis shall be perfectly parallel 
with that of the pulley onto which the 
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Questions are not answered unless 
they are accompanied by the name 
and address of the inquirer :-: :-: 





Marks: 


0.0105 D ¥ p 
and 


0.03525°Y D?1* p 
in which J is the length of the rod in 
inches. Of Marks’ formulas, try the first, 
and if the diameter is less than 1/12 of 
the length, use the latter. 








Steam Required to Heat Water 








I have to estimate the amount of 
power consumed by each department of 
our plant, as we use steam for boiling 
liquids and heating water. In some cases 
the steam is blown direct into the water 
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belt is leaning. If the axis of the idler 
is not directly at right angles to the in- 
tended movement of the belt, it will lead 
the belt off just as a skewed roller will 
lead a plank off on the side toward which 
it is turned. 


——~ . o 








Formulas for Piston-rod Sizes 








What should be the size of a piston 
rod for a cylinder 15 inches inside diam- 
eter to withstand a working pressure of 
2400 pounds per square inch? 

M. D. 
Let 
D = Diameter of cylinder in inches, 
p=—Greatest unbalanced pressure 
on piston in pounds per 
square inch, 
L=Length of rod in feet, 
d= Diameter of rod in inches. 
Unwin gives for steel rods 


d=0.0144D ¥ p. 
Thurston gives for steel rods 


4i"wno) 2 mF! 
DpL? , D 
i= J a + 55 


a being from 10,000 to 15,000 according 
to conditions of shock, etc. 
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Power 





and in others the steam flows through 
a coil and the condensation is trapped. 
In one tank, 26x35x15 inches deep, 
which was full of water at 73 degrees 
Fahrenheit, steam was turned on and in 
twelve minutes the temperature rose to 
170 degrees Fahrenheit. I estimate that 
there was 493.75 pounds of water in the 
tank. How many B.t.u. were consumed 
and what is the equivalent horsepower ? 
F. C. M. 
Your tank would contain 
26 X 35 X 15 
1728 

One cubic foot of water at 73 degrees 
Fahrenheit weighs 62.29 pounds. There 
are then in the tank 

7.9 < 62.29 = 492 pounds of water. 
To raise a pound of water from 32 to 
170 degrees, takes 138.45 B.t.u.; from 
32 to 73 degrees, takes 41.02 B.t.u. The 
difference, or from 73 to 170 degrees, 
would take 97.43 B.t.u. 

Then to heat the tank of water from 
73 to 170 degrees would take 

492 « 97.43 = 47,935.56 B.t.u. 

A boiler horsepower is equivalent to 
33,305 B.t.u. per hour, or 


33305 X02 = 6661 B.t.u. 


= 7.9 cubic feet. 


in twelve minutes. Then the boiler horse- 
power required to heat the tank is 


47,935.56 — 6661 = 7.2 horsepower. 


This charges only for the heat units 
delivered to the tank, and would be right 
if the water in it were heated by a coil 
and the condensation returned to the 
boiler without loss of heat except to the 
tank. It may be corrected by charging 
additional units that the boiler does not 
get back. If the steam mingles with the 
water you must know its pressure and 
quality. Assume it to be dry-saturated 
at 100 pounds absolute. Then each 
pound of it contains 1181.8 B.t.u. above 
32 degrees, and 


1181.8 — 138.45 = 1043.35 B.t.u. 
above 170. It would take 
47,935.56 — 1043.35 = 45.95 
founds of steam to furnish the heat by 
condensing to water at 170 degrees. If 
the feed water is at 73 degrees, it takes 
1181.8 — 41.02 = 1140.78 B.t.u. 
to make one pound of the steam, and 
1139.98 « 45.95 = 52,382.081 B.t.u. 
to make enough to heat the water. 
Dividing this by 6661, as before, shows 
that 
52,382.081 — 6661 — 7.86 
horsepower must be expended for 12 


minutes under the assumed conditions 
to heat the water. 








Preventing Smoke 








Is there any device on the market 
which effectively prevents smoke from 
bituminous coal used under boilers? 

L. B. B. 

The smokeless combustion of bitumi- 
nous coal is more a matter of furnace 
proportion and operation than of any 
patented device, although a method of 
continuously introducing the fuel, with- 
out the necessity of opening fire doors, 
is a great help. Bituminous coal can 
be burned at a reasonable rate, without 
the creation of offensive smoke, except 
at the time of cleaning fires. Write to 
the University of Illinois, Engineering 
Fquipment Station, for their bulletin, 
No. 15, on “How to Burn Illinois Coal 
without Smoke,” by L. C. Breckenridge; 
also to the United States Geological 
Survey for a copy of D. T. Randall’s 
report upon the “Burning of Coal with- 
out Smoke in Boiler Plants.” The num- 
ber of the bulletin is 334,228. 
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Book Reviews 








PocKET Book OF ELECTRIC LIGHTING 
AND HEATING. By S. F. Walker. 
Published by The Norman W. Hen- 
ley Publishing Company, New York. 
Leatherette; 438 pages, 4x6% 
inches; 272 illustrations; 246 tables. 
Price, $3. 

In the preface the author says he has 
“not hesitated to go right away from the 
beaten track of other Pocket Books” in 
preparing this one. We cheerfully con- 
firm his statement. He has gone “right 
away from” every sensible precedent 
with which we are familiar, and has pro- 
duced a collection of catalog data in- 
terspersed with feeble rudimentary at- 
tempts to present principles of operation 
and construction. As a sort of catalog 
synopsis, the book is fairly commend- 
able; as a pocket reference book for en- 
gineering data it is pitifully inadequate. 
The author’s precision of scientific state- 
ment may be judged by these specimens: 
“The dynamotor is a motor-generator, 
enly applicable to the transformation 
of continuous-current machines.” A 
transformer “is built up of a number of 
laminated iron plates in such a form that 
two separate windings may be accom- 
modated within the magnetic field of one 
of them.” 

The section devoted to cables is ex- 
cellent as a compilation of practical data, 
and far superior to the remainder of the 
book, from any viewpoint. 


ENERGY. By Sidney A. Reeve. Pub- 
lished by the McGraw-Hill Book 
Company, New York; 1909. Cloth; 
240 pages, 6x9 inches; illustrated. 
Price, $2. 


To look at the universe with a com- 
prehensive vision that comprises regions 
to which the telescope and the micro- 
scope do not reach; to apply the laws of 
celestial mechanics to molecular physics, 
to trace the orbit of an atom in the 
terms in which an astronomer traces the 
orbit of a world and in doing this to 
bring out an adequate conception of the 
nature of energy in all its changing 
scope from the state in which it is nearly 
all movement and little separation to 
that in which the separation factor be- 
comes predominant at the expense of 
motion, is the object of this work. 

Energy is commonly defined as force 
in motion, the product of force and 
space, and heat, which is but a form of 
energy, as “a mode of motion.” Professor 
Reeve’s book, for the author is a past 
professor at the Worcester Polytechnic 
and is the writer of a well known work 
on thermodynamics, expands this expres- 
sion, with which the usual teacher of 
and writer upon energetics has been con- 
tented to stop. He shows what mode of 
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motion is this heat to which all forms 
of energy tend, and in doing so clears 
away the necessity of the conceptions of 
the unattainable and impossible abso- 
lute zeros of pressure temperature and 
motion and of “perfect elasticity” with 
which the science of molecular physics 
has been lumbered. 

There can be no such thing as abso- 
lute motion. To a man aboard ship the 
objects about him are stationary but 
they are changing their latitude and 
longitude with the motion of the 
vessel. A building is stationary upon the 
earth, but it is moving with a velocity 
measured in miles per second with refer- 
ence to the sun. Everywhere is motion. 
Absolute fixity or rest is unknown and 
inconceivable, but it is relative. All 
force is relative. It exists only between 
bodies and may never be imagined as 
exerted absolutely independently of 
mass. Energy must be considered as 
existing between masses. When a pendu- 
lum is in its highest position all its 
energy is that of position, of separation 
between its mass and that of the earth. 
When it is in its lowest position its 
energy is all that of motion. The idea 
of friction may be gotten rid of by 
imagining a spherical mass with a hole 
through it, and a smaller mass released 
from a point outside the larger mass and 
passing in a straight line through the 
hole and out the other side. At first 
its energy would be all that of position: 
As it gained momentum under the at- 
traction of the larger mass the energy of 
position lost by approach would be con- 
verted into kinetic energy in the momen- 
tum of the moving mass. This would be 
greatest when the centers of the masses 
coincided, and there was no separation, 
just as in the case of the pendulum at 
the bottom of its swing; and as the 
smaller mass passed with this momen- 
tum beyond the center and out to a dis- 
tance upon the other side equal to that 
from which it first fell the energy would 
again be converted from that of velocity 
to that of position. 

But in nature there is no such thing 
as straight-line motion. We are ac- 
customed to think of the straight line as 
the natural path of a moving body and to 
require some cause for its divergence 
therefrom, just as we are accustomed to 
regard rest as the normal state of mat- 
ter and to wonder what has put it into 
motion. In fact rest is an exceedingly 
complicated condition requiring an abso- 
lute balance of forces in all directions 
and the chances are infinitely against 
an unrestrained body moving in a 
straight line. All masses are under the 
attraction and influence of other masses. 
One mass attracted to another will swing 
around it in a circle only if the ec- 
centricity of its orbit be zero, and will 
approach it in a straight line only if the 
eccentricity of its orbit is infinite. If 
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the eccentricity is unity, the path will 
be a parabola; but outside of these im- 
probable and exceptional conditions the 
path will be an ellipse when the ec- 
centricity is less than unity, and an 
hyperbola when it is greater than unity. 
There is no necessity for the assumption 
cf the perfectly elastic atom or molecule. 
The molecular bodies do not impact but 
turn about each other in an orderly way. 

All of this has been «known of the 
astronomer for years, perhaps of the 
delver into molecular physics, but it has 
remained for Professor Reeves to ampli- 
fy our conception of molecular inter- 
action in the light of the application of 
the laws of Kepler and of Newton, and 
to do it so that other than a specialist 
can understand. His treatment of this 
abstruse subject is so plain and non- 
mathematical that, as he says, a knowl- 
edge of Kepler’s and Newton’s laws of mo- 
tion and force, a little analytical geometry 
and enough of the concepts of the cal- 
culus to permit thinking of millions of 
molecules at once without becoming con- 
fused as to what they may or may not 
do is all that is required. And even he 
who lacks this equipment will be able 
to follow the main story and to glean 
from this presentation new ideas as to 
the ultimate nature of energy and the 
manner and meaning of its transforma- 
tions. 








The Buying and Handling of 
Steam Coal 








This is the title of a pamphlet of 48 
pages dealing with the above subject 
which has just been published and con- 
tains the report of the committee on 
fuel supply of the Boston Chamber of 
Commerce. In this report the committee 
have considered the fuel supply of New 
England, its source, quality and quan- 
tity, as well as questions affecting its 
cheaper production and means for eco- 
nomical consumption. 

The report gives a comprehensive sur- 
vey of the rate charges, with comparison 
graphically shown by maps, table of 
analysis of coal from the district sup- 
plying New England, and a good deal of 
other information. 

The committee should be highly com- 
plimented on the work they have done, 
and especially in the production of the 
maps, which will be of much value to 
those interested in the coal question. 
Cne, the “All Rail’ map, shows all-rail 
rates of bituminous coal by a color 
scheme and figures, with a key to the 
same, showing the maximum and mini- 
mum rate charges. There is also a table 
on the map which gives the additional 
charges to be added to the map rates 
when shipping coal over certain rail- 
roads. 

The map “Tidewater” shows the rate 
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